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PREFACE 


This is not a. Text-book of Geography. It is a book about what 
geography is about, and is designed to make intelligent people 
who arc not primarily geographers realize how interesting the 
study of the Earth can be. In spite of the twentieth-century 
revolution in geographical teaching in Great Britain — a 
revolution brought about largely by the elforts of the late 
Prof. Herbertson, the late Dr. Scott Keltic, by Sir Halford 
Mackinder and by Dr. H. R. Mill and their disciples, there is 
still much to be done in improving such teaching. Too many 
educated people particularly amongst politicians and captains 
of industry still think of geography in terms of place names. 
They say; ‘Since the war I have Icamt a lot of geography’ — 
meaning, that they can now find places on the map which 
formerly they could not lln<i and had probably never even 
heard of. A very useful accomplishment; but it bears about 
' the same reladon to geography that the alphabet bears to 
English Literature. Modern geography coven wide fields of 
learning and is always extending its boundaries — some might 
. say encroaching on others’ preserves. It is not possible within 
the.limits of a short book to touch on ever)' division of so vast a 
subject, and I have confined myself to what may be called 
Brains Trust geography and conversational topics. I have 
, purposely avoided any reference to maps and survey — a highly 
technical subject — because although maps are the very founda- 
tion of modern geographical study they are also the result of a 
deep knowledge of geography. 

In writing any scmi-popular general scientific book one 
must inevitably select from and incorporate the ideas and 
observations of many workers in the same field. Jluch of the 
work of geographers from Strabo and Herodotus to Mackinder 
and Dudley Stamp has passed into the common stock of 
knowledge on which all may freely draw; nevertheless I have 
tried to acknowledge the source of recent ideas when known to 
9 
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me. A few minor ideas and observations set forth, as well as 
the general plan of the book, are originalj they constitute the 
writer’s modest contribution to our common scientific heritage. 
At least they arc the result of many yean of active exploration 
in the limited field of South*East i\sia. They may be accepted 
or rejected by geographers. 


Khowang Tea Estate 
Assam. 


V, K.VV. 



THE SCOPE OF GEOGRAPHY 


GEOQRAPiry is not directly concerned wi th what man do es on 
thcTSrth — tha t is the subject o Chistory— but wUh^hat.he is. 
BuT wKat_h e docs is to SQme-gtent,innue nced by his envrro h- 
and a:^ "Ke~Bo^in av abo come _> vithin jianetLof 
g eograp hy. Hence the results of wh at he does belong io 
ge ography almost as much as to history. It is therefore impor- 
tant to understancTlhe conditions.whic h chiefly influ cnce.what 
man does. Before we discuss hul^Ial environment, however, 
we need to have a clear conception of the Eartli as a whole, 
regarded as one of the planets of our solar s>'stem and, so far 
as ^vc know, the only inliabited planet. The atmosphere of 
Mars, including its oxygen content, is only half the weight of 
our own, equivalent to the Earth’s atmosphere at an altitude 
of about x8,ooo feet. It contains very little water vapour and 
would be both cold and dry, giving us unpleasant sort throats. 
Venus is a dead world — its atmosphere consists of carbon 
dioxide, which neither animab nor plants can breathe. The 
modem geographer must view the Earth, not as a surface 
made up of land and sea, but rather as a planet whose living 
space b thinly three-dimensional. 

On a dutant view, tlie Earth b seen to be composed of three 
concentric envelopes or shelb, atmosphere, hydrosphere, 
lithosphere, one inside the other, each completely, or almost 
completely, enclosing the next smallest; the innermost cn- 
' closing the vastly thicker solid core of the Earth. The combined 
thickness of these three shdb, compared svith the core, is much 
thinner than the shell of, say, an ostrich’s egg, compared with . 
the yolk inside it. But of course to man, who has no direct 
acquaintance with the core, the shell b of considerable thick- 
.ness; nor b it possible for him anywhere to break out of it, 

II 
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THE SCOPE OF GEOGRAPHY 


Geography is not directly concerned w ith w hat man does on 
thcTStK — tha t is the subiect~of his tory — bntjwth^hat he is. 
But~ what h e d oes is to some exf^n t Jnflugic ed by his envir oh- 
mtu t, and a)fty~He~goSTOav also come w itbifl-isog ^of t he 
■ g eogi^ph ^J H 5 iccTKe*rcsults of w hat he does belon^ o 
ge ograp hy almost ^ much as to h istory. It is therefore impor- 
tart to ul^Mstapdlhe conditions whic h chiefly influ gnce.what 
man does. Before we discuss huspecial enviromncnt, however, 
we need to have a clear conception of the Earth as a whole, 
regarded as one of the planets of our solar system and, so far 
as we know, the only inhabited planet. The amosphcrc of 
Mars, including its ox>’gen content, is only half the weight of 
our own, equivalent to the Earth’s atmosphere at an altitude 
of about 18,000 feet. It contains very little water vapour and 
would be both cold and dry, giving us unpleasant sore throats. 
Venus is a dead world —its atmosphere consists of carbon 
dioxide, which neither animals nor plants can breathe. The 
modem geographer must view the Earth, not as a surface 
made up of land and sea, but rather as a planet whose living 
space is thinly three-dimensional. 

■ On a distant view, the Earth is seen to be composed of three 
concentric envelopes or sheik, atmosphere, hydrosphere, 
litliosphere. -one inside the other, each completely, or ^most 
completely, enclosing the next smallest; the innermost en- 
closing the vastly thicker solid core of the Earth. The combined 
thickness of these three shcBs, compared with the core, is much 
' thinner than the shell of, say, an ostrich’s egg, compared with 
the yolk inside it. But of course to man, who has no direct 
acquaintance with the core, the shell is of considerable thick- 
ness; nor is it possible for him anywhere to break out of it, 
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Anou I T Ills I AR 1 II 
nlihougli ^vllcn lie lliea m tl»e stnt«p1icrc lie comes \cry close 
to lU limits 

\N lien tlic r arth it bom, what m nou a tnjile shell cncicnmg 
the core bid not formetl Tlrete v.Ai tio crust, no c<irc 
either The Jicss bom pi met, »q it » thought coniiitctl of hot 
gists in 1 Slate of violent iptition Graduill) the milter of 
whicli il vsas conijKwed concentritesl, the heavier stuff lonanli 
the centre, the lighter on tlie outside Hius the Tint 'shell to 
form, visible from afir peibapt u glowing cloud, wii giscous 
Lvcntuil!) It sqiaratcsl into tuo ilisimct shells, is some of Uic 
gases ctimbmcd to form v.aicr, which not merclv fiUetl up 
hollows on tJie cooling cnist, but probably coveml the entire 
surfiec Meanwhile i solid crust v»ai forming underneath the 
two fluid shells until finally all three — solid, liquid, gvsrous 
were differentiated 

l\e arc deiling now with asimnomicil time 1 vans such as 
those d«cnb«l, of whose development we know nothing only 
recognizing the final result, nniu hive required hundreds of 
millions of >ean for their compiclion Ilut at list comparitive 
stability was reichcd, with tvvo fluid shells, the atmosphere or 
nr, and the h>ilfe$plicrc or sea encIcKing a solid 1 arth 
bnpporting these two shells was a third shell, comprtung the 
cool hardened law like surface of the otherwise hoc and plastic 
core nds cool Innl surface is the crust 

Rock IS a poor conductor of heat, so tint it would not need 
a very thick skin or crust to insulate the still vthitc hot intenor 
and at tlic same time allow the swirling gases to condense on 
the outer surface On the other hind the condensation of gases 
into water would place a heavy strain on the thin crust, which 
rmght break tip again and again under tlie weight, allowing 
the hot rock beneath to vaponic tlie water once more, thereby 
starting die cjcle all over again Obviously it would take a 
long time to stabilize die position and our suggested hundreds 
of millions of years can be J>o exaggeration 
^\c must not however, imagine Uic crust as completely 
divorced from the core ^Vhatwesccto-day is only the extenor, 
13 



THE SCOPE OF GEOGRAPHY 
in .its most altered state. In fact the real outermost crust is 
largely covered by and hiddai beneath sedimentary rocks 
which arc of much later origin. In their present shape they 
never did form part of the* original planet, though many of 
them have been altered by pressure and heat in such a way as 
to suggest that they did. Beneath the crust, the core differs 
both in composition and in its physical state from the bard 
exterior; though the core itself may consist of concentric layers. 
But the one passes gradually into the other, \vith no obviotis 
break. It is convenient to compare the rigid crust surrounding 
a plastic core wth the solid shell of an egg; that is to say, to 
. regard it as a separate wrapping enclosing a diflerent sub- 
stance. But if we could. bore through the ermt for hventy 
nulcs or so, u-e should not find a break comparable with that 
of an inside its shell. 

Yet the core of the Earth w of a different composition from 
that of the crust, its materials stratified, as basalt, olivine, and 
finally iron, in accordance Avith the physical law that the 
heaviest substances in a rotating fluid sphere concentrate 
towards the centre of the system. Thus, taking all the wrappings 
and materials of the Earth, we find them arranged from 
svithout inwards in this order; air, water, cr>-stallmc rocks, and 
then, it is believed, basalt, olivine, and finally iron, in thick 
concentric spheres. 

.Howev er, the geographer need not and in fact should not, 
- cD croa^ too far into the real ms of astronom y anB^groph^rics. 
He accepts rtl3e~fin3ing s^ mltcr sdentis t s in o r der to o btain 
a rati onal vi^ of the EarDi; W>d ^vithTha t as a starting point 
he is wsc to Be" content. 

. When thcTEaxth’s crust svas at last stabilized and condensa- 
tion of vapour was complete, it is probable that the h)'dro- 
sphere or sea formed a complete shell, so that no^vlicre was the 
, crust in contact with the atmosphere; in other words there was 
ho land. That the sea could very easily swallow up the land 
to-day, Icaring no trace, is obvious if we consider their relative 
bulk. For the average depth of the sea is about two miles, and 
*3 


ABOUT THIS EARTH 
the average hdglit of all the land ab<n-c sea-level not more than 
2300 feet, or less than halfa mile. Moreover the area of the 
sea is almost three times the area of the land; as it is, the sea 
has encroached m'cr tlie continental shelf to the extent of about 
ten million square miles. Thus it svould seem that the fact of 
there being any land at all is surprising, Somcljow the crust 
has in places pushed aside the sea, and emerged above it to 
become sdsible enut or land. 

But though displaced, the land crust has not entirely rid 
itself of the hydrosphere vrhtch once covered if, in the form of 
rivets and lakes, rain, snow, detv, the hydrosphere reappears 
as land-based svater. It Is as though the land had emerged 
dripping, and had not yet shaken off all the water which clung 
toil. I t h h osier not s trictly tg e that t b^ crr>Kt t|^ ^yCTyw here 
the samciuhelhjtf wible asJanJSEIn^lsIblc bcnoStlBeocean. 
The crust is c onunuous <nef th sjiatgr ^T^re, b»> it {i.n nt 
unifonn. **1 66 cdhtincn TaTland-ni asscs a^ear"^ to be blocks o f 
UgUler m atenal,~ tt Qatin g3S<!p ty~lira~ sliEhU y dens et_mateti^. 
so tha^fliey may be 'roughl y^n^ ared.with jee-bergi floating 
in the'Tica, scverr-ei'ghtla subinw^ed, and perhaps, hke ice- 
bergs, sometimes aground. At least that is what some geo- 
graphers would hke Uie continents to be, although it seenu very 
improbable that they really are 'floating' just like that. The 
crust does seem more continuous than the ice-berg simile sug- 
gests, even though ice-bergs arc merely solid rvater. Moreover, 
if this view is correct we are faced with the dilBculty that there 
must always have been continents and hence that the litho- 
sphere Dcs'cr was homogeneous, though we started with the 
assumption that it w-as. 

How far has the crust been pushed up’ Mount Everesf, 
apparently the highest known mounbun in the world, rises 
29»*43 nearly six miles above sea level. But thesea itself 

has an average depth of about two miles, with a maximum 
of about seven miles, making nearly thirteen miles in all. In fact, 
Mauna Loa, an active vtdeanoinie Hawaii group, 13,675 
above sca-lcvcl, rises directly fhwo an ocean depth of 16,000 
*4 



•THE SCOPE OF GEOGRAPHY 
feet, and is thus over 500 feet higher than Mount Everest, 
Taking tiie Earth's surface as a whole, the maximum irregu- 
larities of the crust, from the greatest ocean depths to the 
highest mountain tops, amount to bettveen twelve and thirteen 
miles. This may seem a lot, but it is only a very small fraction 
of 4000 miles, which is the radius of the Earth. 

The mechanism of mountain building is highly complex, and 
docs not come \vithin the scope of this book though it svill be 
briefly referred to later. The plastic or flexible crust of the 
' Earth, as it cooled, has repeatedly buckled, and being composed 
of materials of different hardness and strength has thereby been 
thrown into irregular folds, ridges or mountain chains. In 
extreme cases a difference of hdght amounting to about twelve 
miles has been achieved. Perhaps under these conditions, it is 
impDsible that it should ml have buckled. But it seems rather 
’ remarkable that the crust should have been forced up against 
the enormous ^^eight of the sea, to a height of several miles 
above its surface. For e\’en allowing that it must change its 
shape, it might, being unable to adjust itself neatly to a shrink* 

. ing core, just as easily have collapsed and sunk. When we con- 
sider that in every four square miles of tbcEarth’s surface,- nearly 
■ three square miles is sea, %vith a depth perhaps of two miles, 
we may well be surprised at the forces beneaUi the crust. 

■ Nor is that the whole story. For not only has the surface 
crust buckled in such a way as to lift up mquntains, but plains 
also have been uplifted ready-made out of the sea, and that in 
times which, by geological standards, were but as yesterday. 
And it is difficult to invoke buckling to account for that, since 
many of the plains are in fact not buckled. True, coastal plains 
are usually rabed only a few hundred feet, and were already 
' part of the land surface over wliich the sea had intruded. 
However, it b not unreasonable to suppose that the same 
internal force which fcould rabc up mountains might, acting 
more gently, rabc up pl^ns. 

' Whatever forces have been at vrork, the fact remains that the 
crust has somehow been upraised to form dry land, and that 
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HO sooner docs it appear out of place, in contact with the atmo- 
sphere, than It IS assailed hantmer and tongs by air and sea, 
which, largely owing to its very presence, ha\e been stung to 
action It would^lraost seem as though land tends to destroy 
itself, by galvanizing the fluid shells to a fury they would never 
Icnow but for the presence of land 
Yet protection was to be had, and by means of an armour of 
\egetation the land protected itself against the worst ravages 
of climate, not completely, but fairly well The cynical may 
observe that for the last 500 years mm has been redoubling his 
eflorls to destroy the \cgetable armour of the land, which for 
untold aeons has been its shield, and tliat in one year he can 
noiv undo work ivhich may take many centunes to repair 
It would seem tlicn that a complete hydrosphere was to be 
expected, that w "iter is the rule, land rather the exception Yet 
had there been no land, life would liave appeared m the sea 
just the same, though there would have been no air breathing 
animals — no whales or porpoues even, and 'mermaid rather 
than man might have been the highest form of life 
The geographer has then to deal with the E art h as he finds it,_ 
an EarS^ that is to say, consisting ol mrec concentric hollow 
splietes, the innermost Anally enclosing a vastly larger core, 
which « the bulk of the planet beneath tlie crust The three 
spheres consist of matter in three different states gaseous, 
bqui^nd solid, the Uvo outer fluid and easily permeable, the 
innei^ard and solid The core itself grows denser as ivc pro- 
ceed towards tlie centre and is bdwncd to consist of heavier 
and heavier lay ers, or shdis, passing gradually into one another, 
yet essentially distinct The very heart of the Earth u thought 
to consist of iron This is overlaid by a thick shell of olivine, 
and this in turn by a shdl oflightcr rock, known as basalt The 
basalt shell passes gradually upwards into the crust, which con- 
sists largely of crystalline rocks, surfaced over three-quarten of 
the land area fay sedimentary rocks But all this is invisible It 
vvas the behaviour of earthquake waves that gave the clue for 
this piece of detection 

16 


THE SCOPE OF GEOGRAPHY 
•Rfesting on the crust is, as we know, the hydrosphere, which 
is liquid, except at the Earth’s poles, where it is solid ice; and 
resting on the hydrosphere is the even more fluid atmosphere, 
the last of the Earth’s envelopes, which becomes gradually 
thinner as we proceed outwards towards space, until at a 
height of less than twenty miles above the Earth’s surface it 
could not be detected by any instruments we possess. 

All these shells are complete — all three visible shelb at any 
rate, with the exception of the hydrosphere, %vhich is inter- 
rupted here and there by the crust breaking through it to come 
into direct contact with tlic atmosphere, as land. And this, as 
I have already pointed out, seems to be an unexpected 
development. 

The stage is set. Life appears as a thin film lining the interior 
of the outermost shell, that is to say the atmosphere, but mainly 
confined to the land and sea surface, whence it penetrates both 
fluid spheres for a short distance only. Nevertheless it occupies 
not simply a surface but the thickness of a three-dimensional 
but thin-wallcd shell. And since geography deals tvith man’s 
relationship with the Earth and all that it contains, he is 
especially concerned with life, and with its highest form. 
Mankind. A dead world like the moon is no concern of his. . 

Much of the variety of environment we sec on every hand is 
due to climate, a particularly inconstant factor of great impor- 
tance in the evolution and distribution of life. Tempq^turc 
and humidity arc indeed two of the most potent forces m the 
geograpliical armoury. Tliere are also the various land forms 
— mountains, plains, rivers, lakes, deserts, which help to make 
up man’s surroundings and influence his life and actions. 
These arc the more important controlling factors of which the 
' geographer must take notice. 

Such then is the geographer’s world and the starting point 
of his investigations. ' 

Before we turn to the more obvious materials of geograpliical 
study, it will be convenient to discuss a little more fully tlie 
interaction of the Earth’s three hollow spheres, 
a 17 



AIR, LAND AND SEA 


rather rcularlahlc. At lent we Inm. that there fa more than 
wougli water to drown the entire land surface. But land there 

11’ “r forces within 

the Earth, deep beneath the crust. 

What we call land is that part of the lithosphere, or crust, 
the innermost of ti.e thi^ shelU enclosmg the Earth's core, 
w^ch has broken through the ttuid middle shell, to come mto 
direct intact with the outermost shell, the still more fluid 
atmosphere. It ts to that extent ciust misplaced and the 
cornequonea of iu miyiacement hare been momenWus. 
Without land there would certainly be no ait-bteathino plant! 
or animals, including birds and insects, since these too de- 
\ eloped on land. For though birds ha%e taken to the air as a 
means of progression, they cannot inde/initcly remain aloft 
without coming down to land. E%cn those tea birds which 
rarely come to land originated from land-based birds. In fact 
there would be little change of any kind. ’ 

The first obvious sub-division of the Earth’s features is there- 
fore into Mr, sea and land (or up<rust) corresponding with 
CTCryday expencncc; that b to say with the three outer shells 
including as much of the lithosphere as is open to our inspec- 
tion. Each of the three has its own peculiar composition, 
structure and properties. 

\Vithout land much besides land bfe would be lacking, for 
the interaction of the two fluid sheUs alone has little visible 
effect. There would still be cloud and rain, but on a much 
reduced scale. 'IVinds would cause waves, but they would be 
gende winds, though constant, and the small wavea would have 
nothing to beat against. Violent storms would be unknown. 

rfl 



AIR, LAND AND SEA ‘ 

At the Earth’s poles there would still be ice, though much less 
than there is now, and^the equatorial seas would still be warm. 
Ocean currents ^vould be feeble. There would-be day and 
night, and the colours of sunrise and sunset, though paler than 
we know them, because there would be no dust in the atmo- 
sphere and little vapour. In fact sunset might be somewhat 
hanh. Mountains, valleys, plains, deserts, jungle there might 
be, but they would be invisible under the sea. 

The sea would be as full oFlifc, both animal and plant, as it 
is to-day, except for the absence of mammak. But the crust 
beneath would be more uniform. Some of the varied scenery 
-met at depths of se\’cral hundred feet round our coasts may have 
been etched on the land before it sank under the sea; Ibr the 
continental shelf is drowned land, and what was sculptured on 
its surface when it was above the sea has persisted. Drowned 
valleys or fjords as on the coast of Norway are an example. 

Thus the presence of crust in contact with the atmosphere 
has enormously altered the face of the Earth. It has stepped-up 
all physical interactions, started ne^v ones. Tlie normal ‘ 

{ Atmosphere "j 

Hydrosphere > results in only gentle action. But 
Lithosphere J 

when the normal sequence is interrupted, so that we get 

{ Atmosphere 

Lithosphere > action becomes violent. 
HydrosphereJ 

Land, air and sea apart arc inert. Only the rotation of the 
Earth and tidal action gently stir the fluid shell. Bring all 
three into contact and the result is dynamic. The interaction 
is not only physical, but also chemical. It is because all three 
. shells arc in contact, not two only, that violent movement takes 
place in the fluids. The results of these agitations arc perman- 
ently recorded on the intrading land surface. The land is the 
score-board. It sho\s-s the state of the game eveiywhcrc — if 
wc can read it. . . 

But though tlie land was, wc bdio'c, originally heaved up 


ABOUT THIS FAllTH 
from the floor of the oct*in, »t ts lo-tlay, afler the lapse of 
thousands of millions of >ean, rather different m composition, 
and sliU more difTcrcnl m structure, from the original crust on 
which the first seas condensed 
One reason for this is that the continental platforms arc by 
now largely composed of, or overlaid by, stratified rocks svhich 
cover Ihrcc-quartcn of the land surCscc 
Stratified rocks arc laid down layer by layer m the sea or m 
lakes, only exceptionally on land Hence any land composed 
mainly of stratified locks must at some time ha\c been under 
the sea It was raised from the sea to form land On the 
contrary, land composed of crystalline or unstratified rocks has 
not been under the sea since it was first raiscti aboi c the sea, 
otherwise It would have been overlaid by stratified rocks, 
deposited on jt while it was submerged Of course, st might 
have been covered by stratified rocks which have since been 
denuded, but it u liardly likely that they would leave no 
trace 

Large portions of the land blocks are te^lay overlaid by 
sedimentary rocb, and it can be shown that much of the crust 
has been alternately submerged and upraised and submerged 
again several times The hills art not perhaps so everlasting 
as they seem, nor are the foundations of the Earth so secure 
At any rate the crust seems to heave up and dowTi quite a lot 
No sooner docs land appear abovr the sea than it is attacked 
by all those destructive forces which its very presence has called 
to action, the process is what we call ‘wcaihenng’ and the 
ultimate result is the disintegration of the rock and the removal 
of the debns In many parts of the world nature s dustbin is 
emptied every day In a few places it is never emptied But 
mostly It is being coniinuoudy emptied Not even the hardest 
rock Is proof against wcathenng, and so relentless is the process 
that all land would long ago have been worn down and cast 
back into the sea — llie ultimate salvage dump — were it not 
continuously being renewed by uplift The only part of the 
crust which is safe from demobtion is that — much the gmater 
30 



AIR, LAND AND SEA 
part — which has kept its original place at the bottom of the 
sea. The ocean basin floor, supporting and in turn protected 
by a mile or more of sea water, changes scarcely at all. So long 
as it is undtT the sea, the sea is its sure shield. Not till it breaks 
through into the air is it attacked by botli sea and air. > 
^Vhcn we approach the mouth of a great river from the open 
sea, say the Ganges or the Irrawaddy, we pass first from limpid 
blue sea to green sea, Tlicn the water becomes less clear, loses 
its sparkle, becomes slightly turbid, then muddy. The low flat 
shore appears in the distance — at first it is diflicult to distin- 
guish land from sea. Gradually the outline becomes firmer, 
trees appear. What we have seen is the debris from the weather- 
ing of the land being carried out fo sea to be deposited on the 
continental shelf layer by layer. Almost all the sedimentary 
rocks which form so much of the visible land were thus laid 
down. 

It might perhaps be thought that the entire ocean floor 
would presently be covered svitb sediments tlerived from the 
weathering of the land. Rivers like the Amazon, the Mississippi 
' and the Ganges carry enormous loads of mud out to sea, but 
inspection sho^vs that the sea is clear of all visible traces of 
mud at a distance of ts\o or three hundred miles from the mouth 
.of the largest river. As a matter of fact the mud is probably all 
deposited withiii 250 miles of the coast, in the shallow water 
whicli covers the continental shelf; Apart from wind-blown 
dust, floating bergs, volcanic explosions and ocean currents 
impregnated with mud, there is no means by which the debris 
of the land surface can be carried far out to sea, and the deep 
ocean basins know nothing of land sediments; unless indeed 
continents once existed there and have since been sunk vdthout 
'trace. There is little warrant for these lost continents on the 
scale sometimes donanded by naturalists, though certain land. 
bridges probably existed. 

‘ A distincrion then must be dravm between crust which has 
lain permanently in place under the deep sea, and land crust. 
The deep sea crust consisting mainly of granite is the original . 
ns 
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lithosphere; the land crust — that part of it which is stratified 
at any rate — has been derived from the materials of the 
original crust at second, or Uiird, or fourth hand; the same 
rocks being demolished again and again, to be reconstructed 
out of the wreckage. Most of the rocks we see around us 
therefore give only a dim due to the composition, still less the 
structure, of the original crust. Nor can we know very much 
about the interior of the deep sea floor. Nev'crthcless, there are 
some very ancient land surfaces in existence whidi have never 
been under the sea since they were fint raised up and which 
therefore ha\e ncs’cr been overlaid by sedimentary rocks. 
These might give a clue to the appearance of tlie original crust. 
Further we get a hint of the fresh interior of the crust in the 
outpourings of volcanoes. It would seem that the original crust 
may have been something like lava or basalt. But the ocean 
floor seems to be composed chiefly of granite; it is the conti« 
nental blocks whose foundations are of basalt. 

The geographer need not punue these matters. He will 
accept what geologists and otlicr spcci-alists hand out to him; 
or should one say select from the rival theories! Let us there- 
fore suppose that the Earth’s crust forms a more or less con- 
tinuous shell o\er the hot core, punctured here and there by 
volcanic vents; funlier, that certain regions of slightly difiercnt 
composition have for a very long time been thrust up above 
sea-levd and so come into contact with tlic atmosphere. 

Do the ocean basins and the continental platforms date 
from the very beginning? Was the hydrosphere never com- 
plete? Here we are back in the realm of controversy. It may, 
however, be said that there is more reason for believing that 
the ocean basins have always been where they arc than for 
believing that the continental platfonns have always been 
continents, at least in that praenl form. One difficulty is d»at 
ifthecontinentshavealwayscxisted, though not in their present 
positions, they must have been somewhere else; and that rather 
vitiates the argument that the ocean basins have always been 
ocean basins. 
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Tlic forces necessary to uplift or buckle the cooling crust were 
derived from the hot interior core, which, unaided, appears to 
have caused the first bucklings. I^tcr another force came into 
operation, namely, tlie wdght of sediment, worn from the face 
of the land, and carried away by rivers to be piled up elsewhere. 
This ever-shifting load must have put considerable strain on 
the crust, especially at weak spots. No sooner svas equilibrium, 
disturbed by the buckling of the crust, re-established than it 
was again upset by a gradual redistribution of load over the 
foundations. Countless millions of tons of rock have, in the 
course of ages, been removed from here, piled up there; and 
the crust has reacted. In places one finds strata many thousands 
of feet thick which have certainly been laid down continuously 
in shallow svatcr — say a hundr^ failioms or less. This would 
only be possible if the sea floor sank steadily under the in- 
creasing weight of the load, thus keeping pace with the deposits. 
In tlie Assam Valley there are 3000 feet of silt, which certainly 
was not laid dosvn in 500 fathoms of water; it bears all the 
signs of having been deposited In a very shallow sea. 

Eridcntly the crust of the Earth is more flexible than it 
appean to be. Sometimes it has broken under the strain, as 
the fractured ends of the buckled strata, generally ‘faulted’, 
prove. The fact that strata can be uplifted from the sea bed, 
bending but not cracking, also shosvs that the crust is not 
completely rigid. 

Quite lately in geological time another redistribution of load 
over a part of the Earth’s crust has taken place — I refer to the 
glacial age when an enormous weight of ice rested on the land 
surface of the northern hemisphere. It has been calculated that 
the weight of ice supported by the plateau of Tibet alone 
amounted to billions of tons.* 

IVhen the final thaw came this weight was lifted from Tibet, 
and shifted as water back to the sea, to be redistributed over the 
ocean basins. But it took with it probably an even greater weight 
of mud, ground from the rocks, and deposited it in the Bay of 
‘.'The Deglaciation of Tjfcet’, Gtotosicat Magazine, 19*9 
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Bengal at a distance of only 800 miles from the area of origin. 

L^es and rivers form the visible part of the hydrosphere 
intimately connected with the land surface; there is further an 
invisible part — also land-based — invisible because circulating 
underground. 

Invisible land-based water is of two lands, meteoric water as 
it is called, comprising running streams derived from perco- 
lating water which came originally from the sky; and deep- 
seated, or plutonic water, more intimately combined with the 
crust, which becomes visible only in geysers and hot springs, 
and manifests itself even more plainly in volcanic explosions. 

The shaUow-l)ing meteoric water derives from atmospheric 
rain or snow, and is always being renewed. It reaches the 
surface as springs. Plutonic water, the real crustal water, has 
apparently alw,ays been there- It was bound up with the rock 
at the time of its formation. It is not renewed from the atmo- 
sphere, and is slowly being used up by being freed from 
chemical or physical combination, tmless possibly it is renewed 
from the sea. Thus it does not bdong to the h> drospbere; it is 
part of the crust, until released. 

Yet another facet of the hydrosphere is water vapour, which 
penetrates and diffuses itself through the atmosphere to become 
visible again, sooner or later, as dew, mist, cloud, rain, frost or 
snow and to be returned to earth. Thus there is an ever- 
revolving cycle of water passing from hydrosphere to atmo- 
sphere (evaporation), from atmosphere to Earth (precipitation, 
after circulating in the atmosphere) and back again to the 
atmosphere by evaporation. 

Thougblandmay be regarded as crust misplaced, separating, 
over a limited area, the hydrosphere from the atmosphere, the 
separation is, as we have just seen, imperfect. It is not water- ^ 
tight. Sea and air play major parts in the cycle described 
above. If there were no, land the cycle would still revolve. 
But more slowly. The land in fact plays a very important 

part it is like what chemists call a catalytic agent, stepping- 

UD bv its mere presence ^e interaction of the principals. 
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AIR, LAND AND SEA 

In proportion to area, far more rain and snow falls on the 
land surface than on the sea, and the only result, at least the 
most important result, of this dislocation of the crust has been 
to call doNvn on the land a vast amount of svater which "would 
not othersvise have be^ in circulation. The water flows over 
the land surface as rivers, or more slowly as glaciers, fills 
hollows to form lakes, lies on the surface as snow, dew or frost, 
and is all the time evaporating Into the atmosphere, percolating 
through the upper layers of the crust, as well as flowing back 
to the sea "whence it was derived. An enormous amount of 
"water is cs'aporated from the land surface, from nvers as "well 
as from lakes. It has been calculated that only 6 per cent of the 
rainfall of Australia goes back to the sea; most of the remaining 
94 per cent is evaporated before it can reach the sea. Rivers 
hie the Yangtze, Mekong and Salween, which flo^v for hundreds 
of miles through the hot arid gorges of Eastern Tibet, must 
lose a vast quantity of water from evaporation. So also the 
Nile. The Tarim, after reaching a maximum size, dwindles 
and disappears in the desert as a result of percolation and 
evaporation, though much of its vratcr is drawn off first for 
irrigation. In the cold thin atmosphere of dry Tibet snow 
evaporates without melting, and rivers like the Tsangpo also 
evaporate rapidly, because of low atmospheric pressure at high 
altitudes. 

It thus appears that the insulation of the three shells is not 
so complete as at fint sight it appears to be. Apart from 
irregularities resulting from the reversal of the normal sequence, 
gaseous shell, liquid shell, solid sliell, there is a good deal of 
intcr-penctraUon at the surface, whercNcr the shells come into 
contact; and of course, as we have seen, they arc in contact 
over large surfaces, land and sea, air and sea, land and air; not 
to mention crust and sea. 

And here perhaps I might pennt out that a good deal of the 
land surface — about lo million square miles in fact, is regarded 
by geographers as being now submerged, though not perman- 
ently submerged, beneath the sea. This drowned land is called 
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Bengal at a distance of onlj Boo miles from the area of origin 
Lakes and rivers form the visible part of the hydrosphere 
jntimatel) connected wih the land surface, there i» further an 
invisible part — also land based — invisible because arculatmg 
underground 

Invisible land based water is of two Linds, meteone water as 
It 1$ called, compnsing running streams denv ctl from perco* 
laung water which came onginally from the sky, and deep- 
seated, or plutonic water, more inumatel} combined with the 
crust, winch becomes visible only jn geysers ind hot springs, 
and manifests itself even more plainly in volcanic explosions 
The shallow l>ing meteone water denves from almosphenc 
ram or snow, and is always being renewed It reaches the 
surface as spnngs Plutonic water, tlie real crustal water, has 
apparent!) always been there It was bound up with the rock 
It the time of its formation It is not renewed from the atrpo- 
sphere, and is slowl) being used up by being freed from 
chemical or ph)iical combination, unless possibly it » renewed 
from the sea. Thus it docs not belong to the hydrosphere, it is 
part of the crust, untd released 
Yet another fleet of the hydrosphere is water vapour, which 
penetrates and diffuses itself through the atmosphere to become 
visible again, sooner or later, as dew, mist, cloud, rain, frost or 
snow and to be returned to earth Thus there is an ever- 
revolving cycle of water passing from hydrosphere to atmo- 
sphere (evaporation), from atmosphere to Earth (precipitation, 
after circulating in the atmosphere) and back again to the 
atmosphere by evaporation 

Though land maybe regarded as crust misplaced, separating, 
over a limited area, the hydrosphere from the atmosphere, the 
separaUon is, as we have just seen, imperfect It is not water 
tight Sea and air play major parts m the cycle described 
above If there were no land the cycle would suH revolve 
But more slovily The land m fact plays a very important 
part — It IS like whal chcfmsts call a catalytic agent, steppmg- 
up by Its mere presence the interaction of the pnncipals 
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AIR, "land And sea 

In proportion to area, far more rain and snow falls on the 
land surface than on the sea, and the only result, at least the 
most important result, of this dislocation of the crust has been 
to call down on the land a vast amount of ^vater which would 
not othcnvise have bem in circulation. The water flows over 
the land surface as rivers, or more slowly as glaciers, fllk 
hollo^vs to form lahes, lies on the surface as snow, dew or frost, 
and is all the time evaporating into the atmosphere, percolating 
through the upper layers of the crust, as well as flo^ving back 
to the sea whence it was derived. An enormous amount of 
water is evaporated from the land surface, from rivers as well 
as from lakes. It has been calculated that only 6 per cent of the 
rainfall of Australia goes back to the sea; most of the remaining 
. 94 per cent is evaporated before it can reach the sea. Rivers 
like the Yangtze, Mekong and Salween, which flow for hundreds 
of miles through the hot arid gorges of Eastern Tibet, must 
lose a vast quantity of water from evaporation. So also the 
Nile. The Tarim, after reaching a maximum size, dwindles 
and disappears in the desert as a result of percolation and 
evaporation, though much of its water is drawn off first for 
irrigation. In the cold thin atmosphere of dry Tibet snow 
evaporates without melting, and rivers like the Tsangpo ako 
evaporate rapidly, because of low atmospheric pressure at high 
altitudes. 

It thus appears that the insulation of the three shells is not 
so complete as at first right it appears to be. Apart from 
irregularities resulting from die reversal of the normal sequence, 
gaseous shell, liquid shell, solid shell, tlicre is a good deal of 
inter •penetration at the surface, wherever tlie shells come into 
contact; and of coune, as wc have seen, they arc in contact 
over large surfaces, land and sea, air and sea, land and air; not 
' to mention crust and sea. 

And here perhaps I nught point out that a good deal of the 
land surface — about lotmllion square miles in fact, is regarded 
by geographers as bang now submerged, though not perman- 
ently submerged, beneath (he sea. Tins drowned land is called 
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ABOUT THIS EARTH 
the contmcntnl shelf, and it marks the edge of the plalforrn on 
which the continental land is built It juts out from the visible 
I-md surface for a \ arjang dmance to the bnnk of the oceanic 
basins, and is coscred b^ a shallow sea not much more than 
100 fatboim dcqi and often much less Where a continent 
presents to the ocean a wide coastal plain, the submarine slope 
u usually gentle, and it is difficult to say where the land ends 
or when tlic edge of the basin is reached, the distinction indeed 
becomes arbitrary, and is convcnicntlj drawn at the loo- 
fathoms line But where the continental land nscs steeply 
from the ocean, as along the eastern margin of the Pacific, the 
shelf or platform is very narrow, sloping steeply for a short 
distance to plunge suddenly down to profound depths fhe 
shelf IS also a region ofdcposiuon, where rners drop their silt, 
which sooner or later will be uphft«l m the form of stratified 
rocks aboie sea level Such regions of deposition have fre 
quently been upraised m the post, as is proied by Uiar shallow 
sea fossils 

Tliese facts suggest that there is too much sea It more than 
fills the great basins ongioally designed to contain it, and 
overflows, spilling on to the edge of the land Does tins mean 
that originally the sea no more than just filled its basins — that 
land was land and sea was sea and never the twain should 
meet, or rallicr encroach upon one another’s preserves’ It 
might, but there is no proof that it does If more crust were to 
be pushed up above sea level it must displace water, and the 
sea lev cl would nsc in its basin and advance over any flat land 
lying close to sea level During the Mesozoic era the whole of 
the Tibet plateau and the Himalaya were under the sea, the 
elevation of so great an area must have displaced a lot of water, 
and the brimming basins may v>ell have overflowed 

After the final sohdification of the crust, with the separation 
of sea and land, the sea may have just filled its basin, no more 
But dunng th^ thousands of millions of years which have 
elapsed since then, an enormous quantity of water must have 
been released, ^m chemical and physical combination with 
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the crust, and added to the sea. There is probably more sea 
now' than there tvas originally. Tlijs may easily have caused 
the sea to encroach oh tlie land. 

During the recent ice*agc an immense amount of water was 
extracted from the ocean and dxed as solid ice, which for tens 
of thousands of yean continued to uicrease, thereby lowering 
the level of the ocean and exposing crust hitherto submerged. 
^\^cn the ice melted, the water returned to the sea (together 
with a great deal of land) and the sea-level rose. This cycle 
of change happened several times during the Pleistocene 
glaciation. 

But Avc must not forget that the entire land surface could be 
sunk beneath the sea, leaving a complete hydrosphere two 
miles deep covering the globe. It hardly looks as though the 
sea were designed to fill the basins only; and we come back 
again to the suggestion already put forward, that land is a bit 
of a fluke. 

The total visible land area of the globe is about 56^ million 
square miles against 141^ million square miles of sea. Adding 
10 million square miles of submerged land, we get a total of 
66 milUon square miles for the continental platforms, against 
141 million square miles of sea, including overlap, origl million 
square miles of oceanic basin; almost exactly double the area 
of the land blocks. 

To return then to the sea-mr-Iand contacts, and the creep of 
one sphere into the other over the area of contact. That a gas, 
even under so little pressure as 14 lbs. to the square inch, 
which is the weight of the ^atmosphere at sea-level, should 
interpenetrate a liquid is hardly surprising; and we are all 
familiar with the fact that oxygen is in fact dissolved in river 
and sea water and that fish absorb this oxygen through their 
gilb. Neither is it surprising that a liquid should leak through 
a solid as loosely compacted as much of the land surface is, 
since a shower of rain can be seen to percolate rapidly through 
the Earth. Meteoric water in the shallow strata of the Earth’s 
land surface is easily accounted for; in alpine regions of heavy 
ar 
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the continental shelf, and it marks the edge of the platform on 
^hich the continental land is built It juts out from the visible 
land surface for a varying distance to the bnnk of the oceanic 
basms, and is covered by a shallow sea not much more than 
100 fathoms deep and often much less ^Vhere a comment 
presents to the ocean a v»idc coastal plain, the submanne slope 
IS usually gentle, and it is difhcuU to say where the land ends 
or when the edge of the basin is reached, the dutmction mdeed 
becomes arbitrary, and is conveniently drawn at the loo- 
fathoms Imc But where the continental land nses steep!) 
from the ocean, as along the eastern margrn of the Pacific, the 
shelf or platform is very narrow, sloping steeply for a short 
distance to plunge suddenly down to profound depths The 
shelf IS also a region of deposiuon, where nvers drop their silt, 
which sooner or later will be uphfted in the fonn of stratified 
rocks above sea level Such regions of deposition have fre 
quently been upraised m the past, as is proved by their shallow 
sea fossils 

These facts suggest that there u too much sea It more than 
fills the great basms ongioally designed to contam it, and 
overflows, spilling on to die edge of the land Does this mean 
that originally the sea no more than just filled its basms — that 
land was land and sea was sea and never the twain should 
meet, or rather encroach upon one another’s preserves’ It 
might, but there is no proof that it does If more crust were to 
be pushed up abov e sea level it must displace water, and the 
sea level would nse m its basin and advance over any flat land 
lying close to sea level Dunng the Mesozoic era the whole of 
the Tibet plateau and the Himalaya were under the sea, the 
elevatiDn of so great an area must have displaced a lot of water, 
and the bnmming basms may well have overflowed 

After the final soUdiGcatian of the crust, with the separation 
of sea and land, the sea may have just filled its basin, no more 
But during the thousands of millions of yean which have 
elapsed since then, an cnonnous quantity of vratcr must have 
been released, tom chemical and physical combination with 
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the crust, and added to the sea. Tlicrc is probably more sea 
now than there was originally. This may easily have caused 
the sea to encroach oft tlie land. 

During tlie recent ice-age an immense amount of water was 
extracted from the ocean and fixed as solid ice, svhich for tens 
of thousands of years continued to increase, thereby loucring 
the level of the ocean and exposing crust hitherto submerged. 
When the ice melted, the water returned to the sea (together 
with a great deal of land) and the sea-level rose. TTib cycle 
of change happened several times during the Pleistocene 
glaciation. 

But we must not forget that the entire land surface could be 
s\mk beneath the sea, leaving a complete hydrosphere t^vo 
miles deep covering the globe- It hardly looks as though the 
sea were designed to fill the basins onlyj and we come back 
again to the suggestion already put forward, that lartd is a bit 
of a fluke. 

The total visible land area of the globe is about 5$^ million 
square miles against 141^ million square miles of sea. Adding 
10 million square miles of submerged land, we get a total of 
66 million square miles for the continental platforms, against 
141 million square miles ofsea, including overlap, or 131 million 
square miles of oceanic basin; almost exactly double the area 
of the land blocks. 

To return then to the sca-air-land contacts, and the creep of 
one sphere into the other over the area of contact. That a gas, 
even under so little pressure as 14 lbs. to the square inch* 
which is 'the weight of the atmosphere at sea-level, should 
interpenetrate a liquid is hardly surprising; and we are all 
familiar with the fact that oxygen is in fact dissolved in river 
and sea water and that fish absorb this oxygen through their 
gills. Neither is it surprising that a liquid should leak through 
a solid as loosely compacted as much of the land surface is, 
since a shower of ram can be seen to percolate rapidly through 
the Earth. Meteoric water in the shallow strata of the Earth’s 
land surface is easily accounted for; in alpine regions of heavy 
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dcmobuon and Uttlc transport, one can often follow the course 
of underground drainage for a considerable distance WTiat is 
surprising is the amount of plutonic water hidden inside the 
earth’s crust, nay, combined Mth it, the great depths at which 
it often occurs, and the Icnaaty with which it is held m 
combination 

That some isuter should percolate through the bed and 
banks ofa nver seems natural enough, it is less easy perhaps to 
imagine the sea percolating through the ocean floor 

Perhaps percolation is the wrong word here The water docs 
not seep through in response to gni\it>, as nun seeps through 
sand, but as a result of enormous pressure, so enormous a 
pressure, beneath two miles of water, that however compact 
the floor may be, som water will be squeezed through The 
surface » least compact on the subrntiged shelf, tvhere sdt is 
being deposited, that is to say outside the ocean basin, especi 
ally close inshore, though here the pressure is not great Twice 
e> ery tw elv e houn it u reduced, and in the intertidal zone % ery 
considerably reduced, as the tidal wave recedes, leaving the 
zone in contact with the atmosphere At the same time the 
pressure u shghlly increased where the waters arc heaped up 
in mid-ocean This fluctuatite pressure may help to force 
water through the floor into the crust, and perhaps accounts 
for the presence of plutonic ivafcr in rocks now far above sea- 
level But most plutonic water, whether free or combined, has 
doubtless been there from the beginning — it is built mto the 
structure of the crust It fills microscopic pores in such rocks 
as quartz (c g milky quartz) or it is combined as water of 
cr^'stallizauon m many common rock forimng minerals AN'liere 
It occurs free it has separated out from combmation 

Plutonic water manifests itself m \olcamc explosions which 
ate partly if not entirely caused by its sudden com ersion into 
steam, the vast cloud of condensed vapour (‘steam’) hanging 
over a volcano m eruption is well knm\’n. Darkened by %ol 
came dust, it forms the famthar ‘smoke’ Geysers and hot 
spnngs, found m solcanic regions, draw their water from 
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plulonic sources deep down; while free plutonic water is some- 
times tapped by deep borings, as in South Australia and 
Queensland, where it is not easily distinguished from artesian 
water. Even if there ^vcrc no land, there tvould still be plutonic 
water in the Earth’s crust. 

Though the atmosphere freely penetrates the hydrosphere, 
its slight pressure is insunicieni to force it into the lithosphere. 
There is plenty of gas held within the crust, but that again is 
to be reckoned as part of the crust just as plutonic water is part 
of the crust; it has nothing to do with the atmosphere, until it 
is released through fumarolcs, volcanic vents and hot water 
into the atmosphere- Thus, though they arc in contact, the 
atmosphere hardly penetrates the land surface, except to a 
depth of a few feet, svhere the surface rock is covered rrith 
loose soil or sand, or where earthivorms arcconstanlly churning 
the top spit. Also, W'liere there is a heavy cover of vegetation, 
roots, thrusting aside the soil particles, may allotv a certain 
amount of air to penetrate. Good aeration of the soil is one of 
the prerequisites for the health of most plants. But the root 
Ivairs through which plants draw their nourishment from the 
soil are surrounded by a film of svatcr rather than of air. We 
may safely say then that nowhere does the atmosphere pene- 
trate the land surface, even %vhcrc porous limestone or lava 
strata outcrop, to a depth of lOO feet. 

On the other hand the crust penetrates the atmosphere, as 
dust, to a height of several miles. But atmosphere in contact 
with land — that is crust — is not the normal sequence. The 
normal sequence is, as we know, gaseous shell or atmosphere, 
enclosing liquid shell or hydrosphere, enclosing solid shell or 
crust, which finally encloses the core of the Earth. And in this 
normal sequence the atmosphere docs penetrate the hydro- 
sphere to a depth of half a mile or more, and the hydrosphere 
does penetrate the lithosphere to a greater or less extent, 
though not to the same extent everywhere- IVater, however, 
is ako a conslUiunt of the lithosphere, at much greater depths 
than is reached by meteoric water, and independently of it. 
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Convcncly the hydroqjhcrc, in the form of vapotir, pene- 
trates far into the atmosphere to reappear as cloud, tvhich at 
30,000 feet may be composed of sohd ice-crj3ta]s. Above 
30,000 feet there is neither \^atc^ vapour nor dust, rinally the 
iithosphere, in solution or in suspension, interpenetrates the 
hydrosphere everywhere, although it is almost entirely owing 
to the presence of a land surface that it docs so. If there were 
no land surface the sea might still be sail: this is by no means 
certain; but it would never be turbid. The effect of submarine 
volcanic explosions ivould be local and brief. 

Thus, though the interpenciration of the three shells is rela- 
tively minute compared vdlh the thickness of each, so that 
air, sea and crust appear as three separate and distinct enve- 
lopes one inside the other and all wrapped round the core of 
the Earth, neverthdess, it Is this short penetration and mingling 
which make life possible. Their significance to ma.n is therefore 
obvious, and they deserve the closest study. 

It will be appropriate therefore to devote the next chapter 
to a brief consideration of life on the Earth’s surface. 
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THE FILM OF, LIFE 

No branch of science lies entirely outside the scope of the 
geographer. The botanist, the jraologist, the geolo^t, the 
archaeologist all have something to tell him about the variety, 
migrations and distribution of life (including man) in space 
and time. Here, hotvever, we arc only concerned to take an 
all-round glance at life on the Earth, noting certain peculi- 
arities in its distribution. I shall therefore confine myself to a 
broad statement of the part life in general plays in the three- 
dimensional world of the modem geographer. 

The most obvious fact in the world is of coune Life, and the 
highest expression of Life is Man. Life probably originated in 
the warm seas; even if all the land were to disappear, life would 
still continue in the sea. It is of course possible that it existed 
in the sea before land appeared. But there could have been 
no life in the atmosphere before land appeared. 

Notv life as the scientist knotvs it is associated only with 
protoplasm; as soon as protoplasm ceases to include life it 
ceases to be protoplasm. It is then no more than jelly. This 
stuff called protoplasm is a complex compound tvhich has a 
definite chemical composition, definite but elusive properties, 
and definite limitations. It can exist only under certain definite 
physical conditions, between certain temperature limits, and 
only in the presence of oxygen. It is indiflercnt to darkness, 
but ordinarily far from mdifTcrent to drought. It may be 
noted, however, that wliilc'IiTc normally exists only betrveen 
comparatively narrow limits of temperature pressure and so 
forth, it is at the same time adaptable. Occasionally tlic 
normal limits are relaxed, and we find it existing, highly pro- 
tected under strange conditions. Thus fish have been brought 
up from over a mile below the sea’s surface; fungus spores have 
been found floating in the stratosphere y miles above the Earth, 
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and have germinated. Animab, usu.illy’ blind, live in the 
perpetual darkness of caves deep within die Earth, p1.mu 
survive high temperatures in hot springs. One has only to 
consider the conditions .a mile below the surface of the sea — 
a pressure of i ion per square inch, a temperature approaching 
freezing point, utter darkness — to realize that life can, on 
occasion, face fearful odds. 

On the other h.and a little more, or a little less, ozone in the 
atmosphere might cause its utter tioiructicm, or at any rate 
man's destruction. IV’ith more ozone, fewer ultra'violet light 
ra)^ would reach us, and we would almost certainly die out 
for lack of vitamin D. IVc might cs'cn l>e pushed out b)‘ the 
enormous bacteria! growdi sshich would result. With less 
ozone, too much ultra^s-iolct light would get through, and our 
skins svouM be burnt up. 

On such precarious chances does life on Earth uneasily 
depend. 

In (he absence of sudiciem mobturc it dies, unless it can shut 
itself up in a thick cellulose pilbbo.t against just such an 
emcTScncy for some lime; and it b stable — here is the para- 
dox —just so long as it u continuously changing. Its molecule 
J5 enormous — as molecules go. From the above, It would not 
seem that protoplasm is a particularly delicate substance. 
Under favourable conditions it appears to be immortal. , 
, IVhcdicr it be immortal or not, however, scientific men incline 
to believe that it has hitherto cropped up on no oilier planet 
tlian this Earth, and that its appearance even here was rather 
in the nature of a fluke. It could hardly be called inevitable. 
Of that, however, we know nothing, and it is perhaps idle, 
though entrancing, to speculate. - 

However that may be, by chance or by design life appeared. 
It may disappear — indeed, if the gloomy forecasts of some 
nstronomere as to the ultimate fate of the Earth arc coriect, it 

riiflc. 
jf his 
is of 
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course far older tlnn life it miy mdcfimtclj outlive life But 
such speculations do not fall vvitiun tlic scope of geography, 
whidi deals with earth processes m relation to man What the 
geographer asks is ^Yhat are the nunimum conditions for life 
and how much of tlxc Earth fulfils those conditions’ 

Most of us arc more familiar with life on land than with life 
in the sea or even m tlic air Tlic land surface is part of the 
Earth’s crust, which has been pushed up through the hydro- 
sphere Tins displacement of the crust has had some sur 
prising results, it has revolutionized life, culminating in Man 
as Its highest expression Before tlic cmci^cncc of land, life 
was confined to tlic sea, but tlicrc may have been land for 
millions of years before it could support life 
Now fluids like water and air arc easy to penetrate and to 
move about in, solids like land arc not Life on land is almost 
entirely confined to the surface Earthworms, spiders, beetles 
and oAer small fry, including mammals, burrow a few inches 
or a few feet into the earth, but nothing to speak of, the limit 
IS soon reached It is certain that tlicre is no life, probably not 
even bacterial life, a quarter of a mile below the surface For 
one thing there is probably no oxygen at sucJi a deptli, though 
not all bactena need oxygen * True, there is a certain amount 
of cav c life, but that is different, here there is no lack ofoxjgcn, 
because eaves arc directly m touch wjtli the open air In fact 
eaves may be considered part of the surface, roofed over 
Their chief pccuUanty is perpetual darkness 
So much for the land There is abundant land life, but it is con 
fined to two dimensions When we come to life m tJic atmosphere 
and m the hydrosphere, things arc somewhat different 
Life exists in the sea just so far down as there is oxygen to 
sustain it There is plenty of life half a mile and even one mile 
down, but perhaps not much lower than that At depths of two 
miles or more there is almost certainly none, not only because 
of lack of oxygen but also oecause of the enormous pressure at 

* Anaerob c bactena are sn exception to the rule that oxygen is ceccaaary to 
life 
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mans destruction. Uiih more ozone, fesser ullra-siolel light 
raja uould reach Ub and „e «ould almost certainly Hie out 
for lael of satamm D. We might esen be pushed oit by the 
enormous baeteml groail, which Mould result. U’ith less 

depend’'^'^^* chances does life on Earth uneasily 

a)»cnce ofsunicfent moisture it dies, unless It can shut 
Itself up in a thick cellulose plll-bo^ against just such an 
emergtmcy for some Ume; and it is stable -here « the para- 
dox— just so long as it is conUnuously changing. Its molecule 
u enormous — as molecules go. From the abm-c, it would not 
8«Eu that protoplasm is a particularly delicate substance. 
Und« favourable conditions it appears to be immortal. 
sVIictJicr It be immortal or not, howcsxr, scientific men incline 
to Dcliwe that it has hitherto cropped up on no other planet 
than this Earth, and that its appearance et'cn iicre was rather 
in die nature of a (lukc. It could hardly be called incsitaWc. 
Of that, howes'cr, we know notlitng, and it is perhaps idle, 
though entrancing, to speculate. 

Hosvevcr that may be, by chance or by design fife appeared. 

It may disappear — Indeed, if the gloomy forecasts of some 
astronomen as to the ultimate fate of the Earth are correct, it 
mustdisappea^: but the last rites wrill not take place >ct awhile. 

In the meantime man’s tenure of the Earth, in spite of bis 
ignorance and wily, seems secure. ’The ph)-sical world is of 
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THE FILM OF LIFE 

^.jllcn, uind-bomc fruits and seeds, spores, bacteria even, 
^ Ight reach 30,000 feet over the great mountain ranges of the 
f,orld, such as the Andes and the Himalayas, but it cannot be 
' id that life is commonly met with in the atmosphere at a 
■^^cight of miles; 3 miles is more ttsual, and there is not much 

* fc c\’cn at 15,000-16,000 feet, except close to land which is 

• self 16,000 feet above sea-level. 

Although it tvas the last of the three shells to be invaded, 
'*hc atmosphere is nevertheless in a literal as well as in a mcla- 
jhorical sense tlic very breath of life everywhere. Or rather 
'iic oxygen in it is. 'Whether on the land surface or under it, 
'or in, on, or under the hydrosphere, it is the oxygen of the air 
Ihat permits life to function and be itself. Life, we believe, 
began in the middle shell, in the sea, between the crust and the 
atmosphere. Then, when the crust was buckled so that parts 
'of it were uplifted and came into direct contact with the 
atmosphere, lifcfoUowed, crawled out of the sea on to tlieland, 
and, dnding ox)gen a good deal more plentiful there, went 
'ahead. Finally life occupied Uie outermost shell, the atmo- 
sphere itself. Nevertheless, though life has invaded all three 
shells, it is permanent in two only, namely hydrosphere and 
atmosphere — though most of tlie atmosphere life lives on the 
lithosphere surface. Such Hie as lives above the lithosphere 
must come to earth or perish. Of course, oxygen occurs in 
other places besides the atmosphere, but not free. It helps to 
make the hydrosphere* — water is a compound of oxygen and 
hydrogen — and is abundant in the crust, in combination with 
silicon, iron and other elements. But as such it is not available 
to life, as it is in the atmosphere. Even in the sea it is the 
dissolved oxygen which fish absorb. 

It comes to this: that although life has adapted itself to some 
extent to all tlirec shells, atmosphere, hydrosphere and litho- 
sphere, or air, sea and land, and although it can be detected 
at possibly two miles below the surface of the sea and eight miles 
above it, nevertheless, in actual practice bfc jwidly strays 
beyond the irregulandes of the continental ' ’ . 
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that depth. Two miles is about the average depth of the ocean 
basins, so that if Uicre is no hfc below tiiat depth, a large at®* 
of the ocean floor ~ that is, of the crust surface — is desert. At 
whatever depth Ufe ceases, the fact remains it is far more 
abundant on the coastal shelf than in the basin, except close 
to the surface, where, as microscopic life, it is most prolific, 
including both animals and plants. 

As to the ocean of air, the depth (or height) of which maf 
be 20 or 30 miles, but is probably less, it is certain that life 
docs not penetrate to great heights, (hough the spores of fungi 
have be«i collected about seven miles up. Here we arc dealing 
with small pressures. At the very bottom of the air ocean, that 
is to say, on the Earth's sutfacc at sea-level, the pressure is only 
14 lbs. to the square inch. Most of the life of the Earth’s surface 
Jives at or near the bottom of the air ocean. But some hfe lives 
mainly in the atmosphere, though it is land-based. Just as lacb 
of oxygen and perhaps increased pressure finally put a limit to 
life in the depth of the hydrosphere, so lack of oxygen and 
moisture and increased cold soon put a limit (0 life in the 
height of the atmosphere. Life, in fact, though capable of 
penetrating the two fluid shells, soon comes up against coodi* 
tiom beyond its tolerance. It can survive in the atmosphere 
not permanently, but for a lime— at heights greater tlian the 
depths at which it can survive m the sea, both measurements 
being made from sea-level. In fact, it can probably survive at 
heights ejual to the highest mountains in the world, at least sO 
long as it Is in touch vvith those mountains. There is life on tht 
EartA at ao,ooo feet altitude; and we might put the normal 
imit at 30,000 feet — though one would not expect to find any 
jfc at 30,000 feet over the Pacific Ocean unless it had been 
^rried there unresisting. Spores, swh as ferns and fungi 
ircduce, might be earned to such a height by air currents, and 
urvivf but it is hardly an economic level.* Birds, insects, 


ir-..., ftihert W. StCTtM »a<l <^pt. OrYit A An<t<r«>n, of the U.S Army 
if O^. on Aeir record «t»W»r*ert Hgiit. im 5, found fungus spore* »t 
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pollen, wind-borne fruits and seeds, spores, bacteria even, 
might reach 30,000 feet over the great mountain ranges of the 
world, such as the Andes and the Himalayas, but it cannot be 
said that life is commonly met with in the atmosphere at a 
hdght of si miles; 3 miles is more usual, and there is not much 
life even at 15,000-16,000 feet, except close to land which is 
itself 16,000 feet above sea-lcvcl. 

Although it was the last of the three shells to be invaded, 
the atmosphere is nevertheless in a literal as well as in a meta- 
phorical sense the very breath of life everjnvhcre. Or rather 
the oxygen in it is. I\^cther on the land surface or under it, 
or in, on, or under the hydrosphere, it is the orjgcn of the air 
that permits life to function and be itself. Lift, we believe, 
began in the middle shell, in the sea, between the crust and the 
atmosphere. Then, when die crust Nvas buckled so that parts 
of it were uplifted and came into direct contact with the 
atmosphere, life followed, crawled out of the sea onto theland, 
and, finding oxygen a good deal more plentiful there, went 
ahead. Finally life occupied the outermost shell, the atmo- 
sphere itself. Nevertheless, though life has invaded all three 
shells, it is permanent in .two only, namely hydrosphere and 
atmosphere — though most of the atmosphere lift lives on the 
lithosphere surface. Such life as lives above the lithosphere 
' must come to earth or perish. Of course, oxj’gcn occun in 
other places besides the atmosphere, but not free. It helps to 
make the hydrosphere — >vatcr is a compound of oxygen and 
' hydrogen — and is abundant in the crust, in combination with 
silicon, iron and other elemaUs. But as such it is not available 
to life, as it is in the atmosphere. Even in the sea it is the 
dissohed oxygen which fish al^rb. 

It comes to this: that aldiough life has adapted Itself to some 
extent to all three shells, atmosphere, hydrosphere and litho- 
sphere, or air, sea and land, and although it can be detected 
at possibly hra miles below the surface of the sea and right miles 
above it, nevertheless, in actual practice life hardly strays 
be>-ond the irregularities of the continental platfonn, from 
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where the sea has overflowed it lOO fathoms deep to tlic crests 
of the highest peaks some *9,000 feet above sea-lc\’cl. The 
condor soan higher than the snow-capped peaks of tlic Andes, 
and birds wing tliur way ever the Himalayan giants. Spldcn 
have been reported on Mount Everest at over 21,000 feet — 
though they bad perhaps lose thdr way. flowering plants 
bloom magnificently at 18,000 feet in Tibet, and lichens might 
perhaps be found at any attitude wlierc rocks arc exposed. 
Even butterflies brave a rarefied atmosphere in the mountains. 
But beyond the tops of the highest mountains, as below the 
1200-falhbm line, life hardly exists; tliat is to say. Life forms 
a film some seven miles tJjick svhich clings close to the surface of 
the Earth. 

The three outer shells of the Earth liave .1 combined thick- 
ness of perhaps 50 miles; hence the film of life occupies about 
i/7thorthe total thickness ofdiecombtned outer shell Andlest 
that should seem too secure a footing, it u as well to remember 
that it amounts to about j/sjoth of the thickness of the Earth, 
measured from the surface of the atmosphere to the centre of 
the core. 

Man himself jsmuch more limited, for he Is confined to 1 /4th of 
the surface, and can hardly sustain himself over more than 
6/7ths of that quarter; the remaiiiing i/7thof tlic land is more 
orjess desert, or otherwise uninhabitable. 

Thus it would seem that Life »u general, and Man in par- 
ticular, have after all but a precarious footing on the Earth’s 
surface. But it would also seem that so lon^ as Life survives, 
Man, though confined to the land surface, will hold his own. 
One thing is certain. As the world is to-day, and for os long 
as we can foresee, only Man can destroy hlan. Before going 
on to discuss climate, let us examine ilan in the mass, as 
Population. 
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MAN AND population 

The distribution and numbers of population are of great concern 
to the geographer because of the strides man has made and will 
continue to make in bringing the Earth under control. It is 
fairly certain that he wU effect as great changes the face of 
the Earth in the twenty-first century as he svas able to effect in the 
previous twenty centuries, or even probably in the last 5000 
years. By destroying forests, irrigating deserts* diverting or 
stemming rivers, draining swamps, flooding b^tsins, digging 
canals, ploughing and cultivating plains by mining and boring 
holes in the crust to draw out oil, brine, water, building cities 
and roads, and by many other activities, man is profoundly 
altering his environment and affecting his own future; not 
necessarily for the worse. Each separate effort msy seem puny; 
it is tire cumulative effect which is felt. For climate itself is 
gradually bring altered, at least locally. But of oH these varied 
activities, that of recklessly destroying forests, especially in the 
mountains, is the one he may have most cause to nxe. 

If another period of intense cold b on the way, creeping over 
the nortlicm hemisphere, modem man has his escape routes, 
planned and ready, the tropical belt organized to receive him. 
It will not again catch him unprepared. 

Nor does the present distribution and concentfotion of man- 
kind give a clue to where a fcver of activity may next break out. 
It’b so easy a matter nowaday's to move whole populations to 
almost any part of the world — at least so faf ^ tlie mere 
transportation problem b concerned — that, were oil to be 
located in the jungle heart of Brazil or gold to be dbeovered 
in the frozen wastes of Antarctica, there would be no shortage 
of men to work those fields. But the present geographical 
distribution of mankind b not without significance. 

Down to 19 fo, at any rale, there is no reason to suppose tliat 
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MAN AND POPULATION 
great river deltas of South-East Asia; the Ganges valley and 
Bengal; the industrial regions of the Western European states; 
and tlic industrial regions of titc Atlantic states of America. 
Yet even after writing off 5^ imlHon square miles of land as 
absolutely uninhabitable, we are still left with enough good 
land to supply every person in the world V'.ith about 15 acrcsl 
Why then this overcrosvding? 

But how misleading arc averagcsl If any reasonable inference 
can be drawn from the above average it is this; that the world 
is not yet over-populated. However, it is doubtful whether one 
IS justified in drawing ct'cn that inference from an average 
which has so little relation to stark reality, yet for what they 
arc wortli the figures are not without interest. Perhaps the real 
answer is that man is a gregarious and co-operative animal. 

If we look at a population map of the world, we can sec at 
a glance what the distribution really is. We see a few small 
densely-populated areas as described above, considerable areas 
well populated, dte population evenly distributed, and vast 
areas sparsely populated or uninhablt^. The location of the 
densely-populated areas in Europe, Asia and North America 
have been mentioned. The thinly-populated areas — and some 
of them are ttry tliinly populated, averaging perhaps five persons 
to the square mile, or even unpopulated — comprise three 
different types of country, namely (i) desert and near-desert 
including tundra, (ii) mountains and (iii) jungles. The densely- 
populated areas comprise chiefly the great plains and river 
deltas, with their cities and heavy industries close to the main 
sources of basic raw materials. 

The well-populated areas comprise fertile valleys and plains, 
mostly along big rivers, but sometimes along coasts. Desert 
and near-desert are amongst the most sparsely-populated 
regions in the world, and considerable areas of every great 
desert tract are uninhabited. Some of them never have been 
inhabited; others were formerly inhabited but have been 
rendered uninhabitable by deforestation, by neglect of irriga- 
tion, by change of climate, or by svar, pestilence and famine. 

39 



ABOUT THIS EARTH 
the Earllx did not yield enough to feed every* man, woman and 
child, if not lavishly, at least adequately. The fact that mtlliow 
often did not have enough food to keep them in good health 
can oqly be ascribed to inequality of prt^uction in densely and 
sparsely*populatcd regions and to in.idcquate communications. 
Tlierc were surplus areas and deficiency areas. Surplus food 
was rarely in the right place at the right time; and since food 
docs not keep, it svas wasted. 

Most of us are accustomed to ‘crowds'. }Ve sec almost endless 
processions of people trooping to and from the daily grind in 
our cities, crowds at football matches and race meetings, 
crowds listening to political speeches and, for the time being, 
marching armies of men and women. So accustomed arc tve 
to sering these great mobs of people that it becomes increasingly 
difficult for \is to realize that the land is not everywhere thickly 
populated’, increasingly difficult to picture vast regions where 
the population u sparse — 16 (or fewer) to iJjt square mile, 
or one person to every 40 acres—siill less the huge spaces, 
amounting to several million square miles, of desert and tundra, 
where the average density is lew than one person per square 
mile, where hundreds of thousands of square miles are com- 
plctdy devoid of human beings, and where one can walk for 
untold miles, indeed, for days and days without meeting one 
solitary person or one single human habitation. Though this 
is difficult to picture, such is the fact. 

Apart from a few comparatively insignificant areas — dots on 
the globe — there arc only six regions In the world, and those 
for the most part scattered, which are ‘demtijr populated. Tb^ 
six regions arc situated in Japan, China, Soutb-^st Asia, 
India, Western Europe, and eastern North, America; leaving 
by far the greater part of the land world and the whole of the 
southern hemisphere very sparsely populated indeed. Assum- 
ing a total world population offtooo millions (which is perhaps 
rather high), about i/sfd « concentrated in the six regions indi- 
cated above, comprising industrial Japan; North-East China, 
the Yangtze estuary and the Canton della; Annam and the three 
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great river deltas of South-East Asia; the Ganges valley and 
Bengal; the industrial regions of the Western European states; 
and the industrial regions of the Atlantic states of America. 
Yet even after writing off 5J million square miles of land as 
absolutely uninhabitable, wc are still left with enough good 
land to supply every person in the world svith about 15 acres! 
^Vhy then this overcrowding? 

But how misleading are avcragesl If any reasonable inference 
can be drawn from the above average it is this: that the world 
is not yet over-populated. However, it is doubtful svhether one 
is justified in drawing even that inference from an average 
which has so Httie relation to stark reality, yet for what they 
are worth the figures are not without interest. Perhaps the real 
answer is that man is a gregarious and co-operative animal. 

If we look at a population map of the world, we can sec at 
a glance what tlte distribution really is. We see a few small 
densely-populated areas as described above, considerable areas 
well populated, die population evenly distributed, and vast 
areas sparsely populated or uninhabited. The location of the 
densely-populated areas in Europe, Asia and North America 
have been mentioned. The thinly-populated areas — and some 
of them are very thinly populated, averaging perhaps five persons 
to the square mile, or even unpopulated — comprise three 
different types of country, namely (i) desert and near-desert 
including tundra, (ii) mountains and (iii) jungles. The densely- 
populated areas comprise cliiefly the great plains and river 
deltas, svith thdr cities and heavy industries dose to tlie main 
sources of basic raw materials. 

The well-populated areas comprise fertile vallc>’s and plains, 
mostly along big rivers, but sometimes along coasts. Desert 
and near-desert are amongst the most sparsely-populated 
regions in the s\orld, and considerable areas of every great 
desert tract are uninhabited. Some of them never have been 
inhabited; others were formerly inhabited but have been 
rendered uninhabitable by deforestation, by neglect of irriga- 
tion, by change of climate, or by war, pestilence and famine. 
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Mountninous rcj,ion% tliougli not neecs^inly tininhabitct}, 
arc ihfTicuU to cnltivAtc and •m as compared avith plains arc 
ahvap sparsely populated Moreover* mountain climates arc 
suitable for few crops, and an altitude is soon reached at ivhicJi 
no crops will npen In North Burma (he limit of cultivation is 
about 7000 feet In Europe it u considerably lower Thus in 
the greatest mountain ranges, sntdi as the Andes and tlie 
Himalayas, very large areas are entirely uninhabited Yet it is 
certain that Uic> can be made habitable, certain tJiat tlicy will 
attract population in the future 
Mountains, if and, are rocky and inhospitable, svithout soil, 
as for instance the mountains of Arabia Moreover, such 
mountains being waterless it is impossible to raue crops, 
irrigation w out of the question If, on the other hand, they he 
in tlie track of moist currents like Uic southern slopes of the 
Eastern Himalayas, the New Zealand Alps, the eastern slopes 
of the Andes, and New Guinea, tlicy receive loo heavy a rain 
fall and are covered with dense forest Before cultivation is 
possible, the forest must be destroyed, and one result of that is 
all too ircqucnlly to start erosion of the soil, ending up with 
bare rock, tiU finally nothing at all will grow This « what is 
happening to-day in North Burma 

Dense tropical jungles such as we sec in the Congo and 
Amazon basins and in New Guinea on a large scale, and m the 
Sunderbans of Bengal, m Sumatra, in Queensland, in Guiana 
and many other places on a smaller scale arc generally very 
sparsely populated, if not munhabitcd Ev'crgrcen jungle on 
die plains usually denotes 1 water table only a foot or two 
below the surface, as in Bengal Imgation even dunng the 
long dry season is unnecessary, but at flood season the ground 
u often waterlogged or actually flooded, as thousands of square 
miles of the Amazon valley arc annually flooded 
During the last milienmum a hoge area of tropical jungle 
has been destroy cd, to make way for crops and no doubt more 
will be destroyed yet But perhaps tlie limit of good agricultural 
plains hnd has been very nearly reached, and as much is being 
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lost each year as is being gained. New centres of population 
are likely to strike root in tlic mountains, especially in those 
regions \vherc tlic rainfall is moderate. 

It would be a mistake to imagine that all deserts can be 
irrigated. Such structures as the Great Boulder Dam, tlic Lloyd 
Barrage, Assouan and many others shour what man can do in 
the way of irrigation. No doubt on the thickly-populated 
tropical and sub-tropical plains where the individual holdings 
are small or ^vhcre, as is more likely, near-serfs work for absent 
landlords, tlie peasant never gets quite enough to eat. So 
irrigation plans arc drasvn up and a resounding campaign to 
grow more food is launched. Nevertheless, to raise more rice 
amongst a peasant population of ricc-catcrs, or more wheat 
amongst wheat-eaters, will almost certainly result in an increase 
in the number of mouths to be fed, and not in any rise in the 
standard of living. Only when cacli peasant is assured of 
something in exchange for hb surplus docs the standard of 
living rise slowly. Usually the actual growers get no more tlian 
a fraction of the exchange value. 

People talk lightly of industrialhing the East. But you can- 
not industrialiae a country, especially a country the size of 
India, overnight. At present India can barely feed herself, 
although go per cent of her population are peasants. \Vhcre 
then svill the millions of workers, contemplated by tlie proposed 
greater industrialization of the East, live? or more exactly, 
how arc tlicy going to be fed? Not by importing food from 
countries which arc themselves being industrialized. Malaya, 
one of the most fertile regions in the world, raises only 40 per 
cent of its food supply, so highly industrialized b it. The same 
b true of Ceylon. That appears to be a problem svhich the 
captains of industry-to-be refuse to contemplate. They leave 
it perhaps to solve itself when the dme comes; and that b just 
what the advocates of a planned world economy cannot 
tolerate. On the otlicr hand a gradual industrialization might 
be beneficial. But the trutli is, industrialization is not for 
everybody. It depends upon many factors, including the 
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proximity of raw materials, transportation, access to markets 
and the t>pe of labour available- Not does it of \tself automatic- 
ally raise the standard of living, as European city dwellers have 
good reason to knoiv. 

But above all it depends upon the food supply; and that is 
limited. 

Since geography is concerned with man’s relationship to the 
Earth in all its manifestations, it is important that the geo- 
grapher should know something about the numbers and 
distnbution of human beings, as well as of other forms of life, 
with which he has at least something in common. But the 
combinations of man for social ends arc not his concern. We 
have pointed out how unequally man is spread over the land 
surface, and how much of the land surface is hardly habitable. 
Attention has been drawn to the tireless activities of man in 
altering the surface; and reclamation of the desert for living 
space has been touched on. Beyond that the geographer should 
not go, lest he involve himsdf in social questions svith ^vhich, 
as a geographer, he is not concerned. 

The population of the world is, as we have seen, very un- 
ev'cnly distributed, which is hardly surprising when we realize 
that zz million square miles of the land surface, or approxi- 
mately 40 per cent, arc desert or near-desert. Large areas are 
apparently under-populated or over-populated; and war or 
peace may hang on such adjustments as may be possible- A 
good deal of mbunderstanding exists, however, concerning 
under-population and over-population, and it is necessary to 
be quite clear what we mean by these terms. Before the 
question of adjustment can even be discussed, the population 
problem must be fully understood. In the end it turns on food 
supply and its distribution. According to Carr-Saundcrs.‘ 
about half the inhabitants of the Earth live on about 1 /30th of , 
its land surface, itself i/4th of tlie total surface; so that half the 
world population lives on i/rzoth of the -world’s surface; 
which gives us some idea of the habitable Earth. Narrow as it 

I Ptofe*»r A. M. Ct/r-Saunden, CtograpUcal Jotmuil, December 1930 
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appears to be, this is a much more extensive distribution than 
that of any other of the higher forms of life. 

To take a smaller area, more than half the population of 
Central Asia lives on less than i/20th of its whole area (Penck). 
China’s peasant civilization has enabled her to cultivate all 
available arable land to the limit. Yet 2/3rds of the total area of 
China supports only t/dth of the population. In other words, 
S/Sths of the population inhabits t/srd of the area. 

If thb too appears surprising, it may be stated further that 
of the 30 per cent of the land surface of the globe classed as 
cultivable, a considerable area is taken up by equatorial South. 
America and equatorial Africa — the Amazon and Congo 
basins, which at present are densely-forested regions, and other 
considerable areas; by great mountain ranges like the Andes, 
Rockies and Himalayas, which are bound to be sparsely popu- 
lated as compared with flat fertile deltas, or with flat, highly 
industrialized regions like Western Europe. Whether a popula- 
tion Increases or falls depends on other factors besides good 
government. The Maoris of New Zealand arc not increasing 
in numbers, neither are the Australian aborigines. Indeed, 
tiie latter are approaching extinction. 

But as regards under-populated regions — are they then to 
remain under-populated? Or 'vill the population of its own 
free will raise its efficiency so as to increase the habitability — 
if that is possible — and ultimately the population, of the 
region? Or must some outside race either openly as conquerors, 
or more subtly by infiltration, raise the efficiency of the local 
inhabitants? In other words, what fate awaits incorrigible 
muddlers? These are pertinent questions to ^vh^ch the geo- 
grapher must try to find an answer. If he finds the answer, he 
must persuade the politicians to listen to him, since we arc 
here dealing svith practical matters of tlie greatest importance 
to tlie world. He probably won’t succeed. 

Now it is fairly obvious that if the solution of the under- 
populated region is possible, it will take a very long time to 
reach the maximum population. For example, it is estimated 
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proximity of raw materiaU, transportation, access to markets 
and the type of labour available. Nor does itof itself automatic- 
ally raise the standard of living, as European city dwellers have 
good reason to know. 

But above all it depends upon the food supply; and that is 
limited. 

Since geography is concerned with man’s relationship to the 
Earth in all its manifestations, it is important that geo- 
grapher should know something about the numben and 
distribution of human beings, as well as of other forms of life, 
with wWch he has at least something in common. But the 
combinations of man for social ends are not his concern. We 
have pointed out how unequally man is spread over the land 
surface, and how much of the land surface is hardly habitable. 
Attention has been drawn to the tireless acdvides of man in 
altering the surface; and reclamation of the desert for living 
space been touched on. Be> ond that the geographer should 
not go, lest he involve himself in social questions with which, 
as a geographer, be is not concerned. 

The population of the world is, as we have seen, very un- 
evenly distributed, which is hardly surprising when we realize 
that 22 million square miles of the land surface, or approxi- 
mately 40 per cent, arc desert or near-desert. Large areas are 
apparently under-populated or over-populated; and war or 
peace may hang on such adjustments as may be possible.^ A 
good deal of misunderstanding costs, however, concerning 
tmdcr-population and over-population, and it is necessary to 
be quite clear what we mean by these terms. Before 
question of adjustment can ev'en be discussed, the population 
problem must be fully understood. In the end it turns on food 
supply and its distribution. According to Carr-Saunders,* 
about half the inhabitants of the Earth live on about i/soth of 
its land surface, itself i/4th of the total surface; so that half the 
vrorld population lives on i/i20th of the world’s surface; 
which gives us some idea of the habitable Earth. Narrow as it 

•Professor A. M. C«T*Saundet», GtvgrapJaeal Journel, Veeember 1930 
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appears to be, this b a much more extensive distribution than 
tint of any other of the higher forms of life. 

To take a smaller area, more than half the population of 
Central Asia lives on less than i/aoth of its whole area (Penck). 
China’s peasant civilization has enabled her to cultivate all 
available arable land to the limit. Yet a/srds of the total area of 
China supports only i/6th of the population. In other words, 
5/6ths of the population inhabits i/srd of tlic area. 

If thb too appears surprising, it may be stated further that 
of the 3Q per cent of the land surface of tl\c globe classed as 
cultivable, a considerable area b taken up by equatorial South 
America and equatorial Alnca — the Amazon and Congo 
basins, wliich at present arc densely-forested regions, and other 
considerable areas; by great mountain ranges like the Andes, 
Rockies and Himalayas, which are bound to be sparsely popu- 
lated as compared with flat fertile deltas, or ivith flat, highly 
industrialiied regions like Western Europe. Whether a popula- 
tion increases or falb depends on other factors besides good 
government. The Maoru of New Zealand arc not increasing 
in numbers, neither are the Australian aborigines. Indeed, 
the latter are approaching extinction. 

But as regards under-populated regions — are they then to 
remain under-populated? Or wll the population of its own 
free ■\rill rabc its efficiency so as to increase the habitability — 
if that b possible — and ultimately the population, of the 
region? Or miut some outside race either openly as conquerors, 
or more subtly by infiltration, rabc the efficiency of the local 
inhabitants? In other words, what fate awaits incorrigible 
muddlers? These are pertinent questions to >vhich the geo- 
grapher must try to find an answer. If he finds the answer, he 
must persuade the poBdeians to Ibten to him, since we are 
here dealing svith practical matters of the greatest importance 
to the world. He probably won’t succeed. 

Now it b fairly obvious that if the solution of the under- 
populated region b possible, it svill take a very long time to 
reach the maximum population. For example, it b estimated 
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tijat Aiisira]ia_CQu lt1 support, n p nptihtion nf gr, nullio ns 
(Some put n much higher ) But at its present rite of increase 
of about 2 per cent pcc-aiuiiim, it would take over 30 )ears to 
increase the population of Australia b) one million 
But not all sparsclj populated regions wish to increase their 
population More probably most of them have never so much 
as given the matter a conscious thought 
It 13 indeed unlikely that any country, pnor to the twenueth 
century, has deliberately and for state reasons attempted to 
increase its population, as Western Europe has in recent 
yean 

Now the vast majontj of human beings depend for their 
sustenance primanly on crops Fish, meat and so forth are of 
secondary importance, and meat in any case depends upon 
graring Men must either raise crops — nee, wheat, barley, 
com — or buy their gram and it appears that the area over 
wrhich any crop can be successfully grown is small Since it is 
economically simpler to grow food than to buy it, the vast 
majority of mankind miut occupy chidly the favourable areas 
where crops can most easily be grown, and only secondarily 
those areas to whicli it can most easily be transported 
But a large population which has to buy its food in exchange 
for service and goods rendered — tliat is a large industnal 
population — gains nothing by being favourably placed as 
regards a peasant population, unless the latter retjuuo the 
service and goods ofTcred, and is willing to raise a suflicicnt 
surplus of food in exchange Aforeover, food, though by far the 
most important thmg required by an industrial population, is 
not the only thing required It needs also raw matcnals 
These arc points which arc otlcn lost sight of when people talk 
ainly of industnalizing vast regions like India and China, both 
of which will certainly have to feed themselves in the fiiture, 
whether industrialized or not 

iVow whether a region u u nder or over ponulated d epends 
upon other factors than the absolute numhciuif human beings 
It contains It S not a question of tfie absolute number 
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people per square nule, but of the absolute number of people 
It can support at a particular standard And tins number again 
IS not a fixed number, but vanes with the standard of efficiency 
of t he populat ion Both North Amenca and Australia may 
have been fully populated, or even over populated five cen 
tunes ago, but both are under populated to-day At the level 
at which the Amenndians and the Australian abongmes lived, 
these countnes could probably never have supported larger 
populations than they actually did With the coming of more 
cncigetic, resourceful, skilful and, above all, informed people 
they could and do support far larger populations 
Thus over and under population arc relative terms 
Sparsely populated regions are not nccessanly under popu 
lated regions, nor arc denscl> populated regions neccssanly 
over” populated, although of course they may be 
The ultimate test is, can the population which inhabits the 
region support itselP If it cannot, the region is over populated 
for that people at their standard of living It is obvious that 
by this test both India and China, or parts of them, m spite of 
a low standard oflivmg, are grossly over populated Likewise, 
if a region is \ cry sparsdy populated it is not under populated 
so long as it can support no more at tJiat standard It would 
be absurd to suggest that Arabia, for example, which has a 
population of about seven rralhon, in an area of a million 
square miles, is under populated on the Arab standard 
Nor is this the only point worthy of attention Population, 
though it turns ultimately on food supp ly, is not entirely 
governed by that A region may be over populated at a high 
level ofeffiacncy but that condition will not nccessanly persist 
through 1 further increase of population If the population is 
really efficient it will solve its problem Moreover, the question 
o f fertility com es m Upon what fertility ultimately depends we 
do not know, but its results are clear "NVith a falling birth rate 
— and the birth rate where examined, appears to be every- 
where falling throughout tlie norld — over population where it 
occurs may be no more than a temporary phase, which wiU 
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presently be succeeded by under population \\c must there- 
fore be chary of calling a region over or underpopulated 
unless we arc sure of our facts Still, we may be confident 
there arc some regions of the world which arc under- is well as 
some which ire over populated 

Tibet u a good example of a sparsely but probably not an 
under populated region Tlie Tibetan government has no 
desire to see a more thickly populated Tibet, precisely because 
It would irnply a complete revolution in the Tibetan way of 
life Isan^ nationgomgtotmist that the Tibetansmuststep up 
their economy or become industrialized in order that more 
Tibetans per square mile may result — otherwise they them 
selves wall occupy the vacant ground’ Yet the only other way 
of increasing the population u by outsiders colonizing the 
empty land, as the Americans colonized the West 

But, as already remarked, the mere fact that a more efiiaent 
people occupies a region is really no guarantee (hat it will 
actually support'a larger population, though the conditions 
may be so improved that potentially a could do so The 
altered economy may be more than ofiict by a low fertility 
rate Nor can leguUtion increase the fertility rate Legislation, 
however, can temporarily increase the population in another 
way by lowering the death rate and increasing the expectation 
of life, as It has done in many countnes This u equivalent to 
a partial population control, of whicJi birth control is another 
aspect 

Feruhty is a pt to vary with environment being highest in a 
peasant population living on the land where children, as soon 
as they can walk, directly contribute to the family budget and 
so earn their keep It u probably lowest, in the long run, in 
a highly induslnalizcd city community where food is gamed 
indirectly and children can only contribute to the family budget 
after a longer or shorter penod of education Social legislation 
in the form of Factory Acts, compubory education, raising the 
school leaving age, and so ra» tends to lower the birth rate and, 
together with the increased expectation of hfc due to greater 
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security, to alter the age groups. Fertility also seems to vary 
invenely with material prosperity. 

No country ^vill dehberatdy ovcr»populate its territory. 
According to Carr-Saundets, large-scale migrations do not 
originate from regions of gross over-population, because the 
populations of overcrowded regions usually lack the energy and 
enterprise necessary for such movements. In fact over-popula- 
tion leads not to dynamic human eruptions but to indolence, 
lethargy and finally deterioration. History seems to bear this 
out. The peopling of the Americas and of Australia svas not 
due to population pressure, nor did the Arab and Mongol 
invasions of Europe spring from over-populated regions. 

An exception is afforded by Japan, which is probably some- 
what over-populated. The result has been not internal weak- 
ness, but external aggression. Nevertheless, the Japanese failed 
to colonize two regions open to them, Manchuria and Korea, 
the former almost a vacuum. 

Yet it is obvious that at any given time the world can only 
support a certain populaUon. We cannot continue indefinitely 
to increase the popula^n of sparsely-populated regions by 
industrialization or by any other means. The world’s food 
must be grown somc\vltcrc; and when all the cultivable land 
in the world has been put under crops, only two possible means 
of increasing the food supply remain: (i) intensive cultivation, 
that is, raising more food per acre and (ii) rationing. This 
latter docs not, of coune, increase the food supply; it only 
makes the same amount go further. 

Some millions of people, belonging to difierent stocks, live 
in the immense hill tracts of South-East Asia. ^Ve know 
nothing about the population trends of these numerous hill 
^ tnbes beyond the fact that they have greatly increased in 
numbers during the last 50 years. But they cannot continue ' 
. to increase at the same rate, or at any rate, without overflowing 
on to the already crowded plains. 

In a monsoon climate and particularly in the mount^ns, the 
people are gripped in a narrow routine by two forces: (i) the 
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alternation of >vet and dry seasons, (ii) die fact tint the pnn- 
apal food supply is denied from annual crops If a tree grass 
such as bamboo v, ere the cliief crop, the advance of agriculture, 
stimulated by the necessity to treat the crop diffcrcnlly cadi 
year, might result in a considerable broadening of outlook Aj 
It IS the people arc bound by iron custom / 

The pnncipal crop is maize, which is belicicd to hive beep 
introduced into Asia soon after tJie discovery of Amcnca, and 
may have readied the North-East Frontier of India before tlie 
end of die sixteenth century But the maize cultivitcd m Nortli 
Burma at any rate belongs to a peculiar race, liaving a waxy 
endosperm 

Professor C B Fawcett concludes that not more than 30 per 
cent of the land surface of the Eardi is arable, even allowing 
for an increase of imgation where this is possible, and he sums 
up that the land surface of die Farth comprises 40 per cent 
desert, 30 per cent arable, and 30 per cent vanous, indudmg 
poor grazing land, forest and mountain This 30 per cent 
arable land — m round numbers 17 million square miles — u 
Widely distributed over the Eartli, hence the population also 
js unequally distributed 

On the basis of these figures it vvould be possible to calculate 
the maximum food prx^uction of the world (allowing for 
the fact that some regions produce two and three crops a year) 
so diat taking the mimmum ration for each person, one could 
amv c at a rough csdmatcof the maximum population the world 
could carry Its distribution, of course, is quite another matter 

From what has been said it seems that over populated 
countries bke China and India are not likely to be a menace to 
anyone but themselves, and that the best way to draw the 
teeth of a truculent or aggressive praple is to encourage it to 
increase its population to the maximum and beyond, as 
Britain has In fact encouraged India to do, mnocently or rather , 


Ignorantly 

But against that comforting reflection must be set the un 
doubted fact that China and India are so vast, and contain 
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between them so large a sliare of tlic world’s population, that 
if they ^v•c^c to collapse internally, it must affect the entire 
svorld. 

Nor, indeed, can one derive satisfaction from the Uiought 
that Great Britain, with her declining birth-rate, though not 
over-populated, can hardly remain virile when her age groups 
arc such that there arc more ovcr-sLxtics tJian under-forties in 
the population — which is likely to be her condition within a 
few decades. 

And on that sombre note we may end the discussion of 
population and the habitable Earth. 
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E\eryone kno\\'s how climate diflers m difTcrcnt parts of the 
world and m different parts of the countr> \\c speak of a 
tropical climate or a temperate climate or a continental 
climate or a maritime climate or an Arctic climate, and 
straightway conjure up aisions of foreign countries, strange 
\ cgctation, dark or sallow skinned races To the geographer 
climate » of the utmost importance, it has profoundly in- 
fluenced man’s activities in the past, conditions his svay of life 
in tlic present and may rcsolutionize hts future Here, how- 
ever, I propose to deal with « only in Uic most general terms, 
to show ho'v It works and to demonstrate what an inconstant 
nymph it is, and how frequently it has altered m the past and 
may alter in the future As to its direct effect on man, we know 
little or nothing 

Climate depends mainly on currents circulating m the two 
fluid shelb which surround tlie solid Eartli, that is to say, on 
air currents and ocean currents If there were no currents, 
there would be much less climate And if there were no land, 
tlierc itouliJ be no currents, or only very feeble ones Once 
again we obscrv c the dislocation of the Earth s crust ivhich has 
brought air, land and sea into contact, producing momentous 
results 

If the hydrosphere were continuous o\cr the face of the 
Earth, if all the land were drowned, as it might so easily be, 
the world’s climate would be far more uniform everywhere 
than It actually is Dunng the geological penod known as the 
Miocene which came to an end some few nullions of years ago, 
the Earth seems to have enjoyed a far steadier and more 
uniform climate than it has since the last ice age, and the 
geographer is tempted to suggest that there was more sea and 
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less land — much less land — in that far-ofT happy time. But 
it is doubtful ^vhethc^ his suggestion would be favourably re- 
ceived by geologists. There seem, in fact, to have been several 
periods in geological history — tlie Carboniferous or coal age is 
one — when for many millions of years the climate was curi- 
ously uniform over enormous areas, and the vegetation corre- 
spondingly similar over a large part of the Earth. And again 
the geographer whispers — could it have been that there was 
less land and more sea, a svidcr sea, in those days? 

To leave speculation, if there were no land, climate would 
depend almost entirely upon latitude. The tropics would be 
hot, but not very hot, the poles cold, but not so cold as they 
are now. The change of temperature from equator to pole 
rvould be gradual and steady. Talcing the mean annual 
temperature, the present temperature gradient between 
equator and pole is about 90* F. With a complete hydrosphere 
it might be as litUe as 50^ F. or say the annlial average range 
for London. Winds would be gentle, long continued and 
steady,' ocean currents feeble. Rainfall would be scanty. 

As soon as land appears, all this is changed. Violent currents 
are set up in air and sea, rainfall increases, temperatures reach 
higher and lower limits, and fluctuate more rapidly and with 
the increased activity everywhere the all-out assault on the 
land sets in. 

WTiat then is the reason? 

Let us return for a moment to our supposed landless earth, 
round which both atmosphere and hydrosphere form complete 
shells, and are therefore evcf>nvhere in contact. Whatever 
’ energy tlie Earth receives from outside it receives from the 
Sun. The poles arc cold because the sun’s rays strike them at 
. a low angle — and for six months on end they get no sunshine . 
at all. The equator is warm because the sun’s rays are vertical 
or nearly so throughout the year and die day always lasts for 
12 houn. ^Vhcn land appears, the Earth still derives its energy 
from the sun, which now warms air, sea and land. 

But not equally. As physicists put it, water has the highest 
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specific heat of any fcnomi substance. The same sun warms the 
rocks quickly, the svater more slowl)'. On tJie other hand, once 
the ^vatcr is warm it is reluctant to part with its heat; it gives 
it up slowly and grudgingly, \%hereas rock disposes of it quickly.' 
Thus water alwa)^ has a moderating Influence on the eJimate; 
it makes svinters warmer and summers cooler. Land favours 
extremes of climate, continental summers are hotter and 
continental v%intcr3 colder than average. So with the coming 
of land, the hall is set rolling; diflcrcntial, not to say central, 
heating is installed, currents are set up in air and sea, evapora- 
tion is increased. Everything becomes magnified. ^V'c may be 
sure that if the Earth’s surface were all land or cv'cn mainly 
land, it would alternately be so hot by day and so cold by night 
tliat life could not endure it. Something of the sort has hap- 
pened on the moon, where there is no water, and no atmosphere 
eitheu-; any water there might have been has long ago been 
either vaporized and lost, or frozen solid. 

If the ratio of land to sea, which is now about i : 3, ''cre 
seriously altered, there would be a revolution in Earth climates. 
A mere change in the dtstnbulion of land and sea, without 
altering the present ratio, would be reflected in a change of 
contineotal climates all ov’cr the world. And as v%e know that 
the ratio has been altered ia the past — 1 o million square miles 
of land is submerged to-day uhich at some period must have 
been above sca-Ievel, ihou^ not all of it at the same time — 
we may be quite certain that climates also have changed. 

Movements of air and water arc primarily responsible for 
climate. Air currents move (ar more rapidly than water 
currents. But the momentum of a vast bulk of sea water 
moving slowly and dissipating heat slowly has a long term > 
effect which no air current can match. 

There is another important factor, namely moisture. Air 
may be dry or moist. The atmosphere is able to absorb enor- 
mous quantities of invisible water vapour, and if there is a 
continuous current, continuously carry it away. When warmed, 
air expands and rises, still carrying the water vapour; and the 
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more it is heated the more \apQnr it can absorb and the higher 
It rises, expanding all the time But as it rises, it cools, and the 
more it cools tlie leu vapour it can hold Consequently the 
higher it rises the more vapour tt must get nd of — in the form 
1 of cloud Mountains, being colder than the plains, when they 
he in tlie path of an air current containing moisture, ahvays 
cause the formation of clouds If, on the other hand, the air is 
dry, It merely sucks what little moisture it can out of the land 
it passes over, leaving it drier than before 
The mfiuence ot sea may be easily observed in places 
like Singapore, close to the equator, where, owing to breezes 
set up between land and sea, due to differential cooling, the 
nights are alwa>s cool, as compared with breathless, hot nights 
when the sun is at the same altitude, in sa> Rangoon, 50 miles 
inland Speakmg generally, m the tropics it is more comfort- 
able to live on 'blue watei^ than even a short distance up a 
nver Thus Hong Kong is preferable to Canton, and Swatow 
t to Shanghai — for the European On the otlier hand, what the 
‘weather* feels like depends as much on die relative humidity 
of the air as on its temperature The damp cold of North 
Burma m winter is more trying than the far colder but dner 
air of Tibet, beyond the rain screen Different skins, and per- 
haps differently coloured stans, feel heat and damp differently. 

In Assam the three mile wde Brahmaputra nver, flowmg 
across %vidc sandy plains which heat rapidly, develops winds 
which make the Assam Valley very turbulent for aircraft Thus 
big nvers, and especially lakes, have the same effect as die sea, 
and the conditions being rapidly developed in a continental 
area, may produce powerful, though local results 
The chmate of any particularlocality therefore depends partly 
on its latitude, but still more on the nature of the atmospheric 
currents, that is to say, winds, which pass over it The nature 
of those currents in turn depends upon several factors, but by 
far the most important arc the distribution of land and water, 
and the shape of the land (especially its altitude) m the locality 
So far as life on the Earth is concerned, climate resolves itself 
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specific licat of my known substance The snmc sun wanns the 
rocks quickly, the \v atcr more sl<n\ly On tlic other Jiand, once 
the water is warm it is reluctant to part with its heat, it gnes 
It up slowly and grudgingly whereas rock disposes of it quickly 
Thus water always has a moderating influence on the climate, 
It makes wnters warmer and summers cooler Land favours 
extremes of climate, continental summers arc hotter and 
continental winters colder than average So with the coming 
of land, the ball is set rolling, differential, not to say central, 
heating is installed currents arc set up in air and sea, evapora 
tion IS increased Everything becomes magnified \Vc may be 
sure that if the Earths surface were alt land or even mainly 
land, it would alternately be so hot by day and so cold by night 
tliat hfc could not endure it Something of the sort has hap 
pened on the moon, where there is no water, and no atmosphere 
either, any water there might have been has Jong ago been 
either vaponzed and lost, or frozen solid 
If the ratio of land to sea, which u now about i 3 were 
seriously altered, there would be a revolution m Earth cLmates 
A mere change in the dutnbutton of land and sea, without 
altenng the present ratio, would be reflected in a change of 
continental climates all over the world And as we know that 
the ratio has been altered m the past — 10 million square miles 
of land IS submerged to-day which it some period must have 
been above sea level, though not all of it at tlie same umc — 
we may be quite certain that climates also have changed 
Movements of air and water are pnmanly responsible for 
climate Air currents move far more rapidly than water 
currents But the momentum of a vast bulk of sea water 
moving slowly and dissipating heat slowly has a long term 
effect which no air current can match 
There is another important factor, namely moisture Air 
may be dry or moist The atmosphere is able to absorb cnor 
mous quantities of invisible water vapour, and if there is a 
continuous current, continuously carry it away When warmed, 
air expands and rises still carrying tlie water vapour, and the 
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more it is heated the more vapour it can absorb and the higher 
it rises, expanding all the time. But as it rises, it cools, and the 
more it cools the less vapour it can hold. Consequently the 
higher it rises the more vapour it must get rid of — in the form 
of cloud. Mountains, being colder than the plains, when they 
lie in the path of an air current containing moisture, always 
cause the formation of clouds. If, on the other hand, the air is 
dry, it merely sucks what little moisture it can out of the land 
it passes over, leaving it drier than before. 

The influence of the sea may be easily observed in places 
like Singapore, close to the equator, where, owing to breezes 
set up between land and sea, due to diflcrential cooling, the 
nights are always cool, as compared witli breathless, hot nights 
when the sun is at the same altitude, in say Rangoon, 50 miles 
inland. Speaking generally, in the tropics it is more comfort- 
able to live on ‘blue water* than ev’en a short distance up a 
river. Thus Hong Kong is preferable to Canton, and Swatow 
to Shanghai — for the European. On the other hand, what the 
Sveather’ feels like depends as much on the relative humidity 
of the air as on its temperature. The damp cold of North 
Burma in winter is more trying than the far colder but drier 
air of Tibet, beyond the rain screen. Different skins, and per- 
haps differently coloured skins, fcel heat and damp differently. 

In Assam the' threc-milc-wide Brahmaputra river, flowing 
across wide sandy plains which heat rapidly, develops ivinds 
which make the Assam Valley very turbulent fbr aircraft. Thus 
big rivers, and especially lakes, have the same effect as the sea; 
and the conditions being rapidly developed in a continental 
area, may,produCc powerful, though local results. 

The climate of any particularlocality therefore depends partly 
on its latitude, but still more on the nature of the atmospheric 
currents, that is to say, winds, which pass over it. The nature 
of those currents in turn depends upon several factors; but by 
far the most important are the distribution of land and water, 
and the shape of the land (especially its altitude) in the locality. 

So far as life on the Earth is amcemed, climate resolves itself 
% 



ABOUT THIS EARTH 


into a question of temperatures and moisture, both rainfall and 
‘dampness’— that IS, rate of evaporation — and their distnbution 
throughout the year, depending to a lesser extent on the distribu 
tion of sunlight, which is essential to plant life For, as we have 
noted, life can only exist and persist under certain physical 
conditions, between certain temperatures, and m the presence 
of moisture Life on land depends upon the presence of water 
vapour in the atmosphere No geographer can afford to over- 
look the part played bj climate, and still more by past changes 
of climate, in the distribution and migration of animals and 
plants, and not of animals and plants only, but also of man 
That climate has played a further part in influencing man’s 
activities and opportunities is also undeniable, he may even 
owe something of his physical appearance and general disposi- 
tion to the effects of climate, though if so, we are far from 
understanding what part climate plays Man is an adaptable 
ammal and has long since adapt^ liimself to a great vanet> 
ofebmates Soalsohaveotheraiumab — and plants Itwould 
be rash to assert that a given climate produces a certain human 
type — for man may be a recent immigrant into that climate 
Or tlie climate may have altered smee he came There » no 
obvious correspondence between even so apparently simple a 
factor as skin colour and climate, as exempIiBed m the distribu- 
tion of races in the world to-day But wc must not overlook the 
probability that the races of men were distinguishable tens of 
thousands, possibly as much as one or two hundred thousand 
years ago Their present distribution now giv es no due to their 
distribution then Only archaeological research can do that 
Moreover, world climates themselves were different then, and 
were also differently distributed, though they were not ncces 
sanly more extreme than they arc to-day Temperatures 
lower than those experienced in Siberia, or higher than those , 
of North West India, have probably never been known m the 
inhabited parts of the world But long before man appeared 
tlie Earth was enjoying slow changes of climate 

Some of our cherished bcJiefi as regards cbmatc and man arc 
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certainly wrong For example, a tropical climate is generally 
regarded as enervating, and productive of laziness, and there is 
at least enough evidence m the modem world to lend colour 
to the idea Yet exceptions — if the general rule holds good — 
are too startling to be ignored For example, the southern 
Chinese of the Canton delta who live in the tropical zone are 
fat mote mentally alert, physically active and morally dynamic 
than the stolid northern Chinese of say Peiping Again, we see 
the so-called lazy Burmese inhabiting a tropical land, and 
straightway conclude that they are lazyjust because they live 
in a hot country whence an abundant food supply is easily 
obtained without undue trouble It is questionable whether 
the Burmese deserve to be called lazy Assuming, liowcver, 
that they do, nobody seems to have considered that possibly 
they migrated into a hot country where food is easily raised, 
because they were lazy It might be as difficult to prove the 
one as the other The Ubetans who inhabit a cold climate arc 
not noticeably energetic, and the cynical might call the Tibetan 
monies downnght lazy 

In so far as climate has helped to make man what he is, its 
influence appears to be small It may be that great and con 
stant humidity has m course of time a debilitating effect, but 
there is no good evidence to show that great heat cannot be 
borne even by the white races, without detenoration 

"While certain plateau climates in the tropical and sub 
tropical belt appear to be amongst die best all round climates 
m the world, no realist would suggest that the Mexicans, for 
instance, or the East Afncan negroes, or the Shans were 
amongst the most cnergetK^ progressive or enlightened races 
on Earth 

As regards skin colour, F P Armytagc has suggested that 
pigmentation is a function of the available salt supply Salt, in 
the form of saline solution, activates the blood stream, its 
absence causes a thickening, with consequent slowing down of 
the blood stream and deposit oF pigment, as a nver deposits 
silt Armytagc showed clearly that the darkest skinned races 
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were those \vhich had the greatest difhculty in obtaining salt. 
If the availability of salt is bound up with the climate — and 
sometimes it does seem to be — we may here find a clue to the 
puzzle. It is certain, for example, tliat salt is difficult to obtain 
tliroughout the very wet and mountainous country, mostly, 
covered with dense jungle, between Sikkim and kVestem China. 
The number and variety of btood-siurking crcatiu’es found here 
— leeches, mosquitoes, ticks, sand-flics, blister-flies, hone-flies, 
gad-flics and others, and the manner in which insects of all 
kinds, including bees, butterflies and numerous Diptcra, plague 
humans in the jungle, to suck their sweat, is a further indication 
of this. Salt licks arc rare — the exceptionally heavy rainfall 
throughout this region and the high jungle may have some- 
thing to do ^vith this lack of salt, which is easily washed out of 
the soil. But the tribes who sparsely Inhabit this forbidding 
region, though dark-skinned for a hlongoloid people, arc far 
from black. 

\Vliat does seem abundantly clear Is that climate alone has 
no direct action on skin pigmentation. 

There is no necessity to probe more deeply into the difllcult 
problems of climate. That is the meteorologist’s or climato- 
logist’s job. All I wsh to dobcrc is to draw attention to climate 
as an important geographical factor. It has deeply affected 
man’s way of life, his food and work, his arcliitecture, the 
animals and plants he has domesticated, and so in ever widen- 
ing circles, his environment, outlook and background. 

That some climates arc reckoned better than others is in- 
dbputable. But — better for what? People grow accustomed 
to their home climate and, ne\’er hating known any other, arc 
satisfied with if, however unpleasant it may seem to a stranger. 
But histor>’ shows that on the whole men covet certain parts of 
tlic earth more than others, and have striven amongst lliOT- 
selves again and again for mastery of plains, deltas and wide 
fertile vales, in the temperate zone. Not perhaps for the sake 
of the climate itself, but for certain consequences of that 
climate. 
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Thus'the extraordinary variety and range of climate met 
witli all over the \vorld to-day arc due to two causes: (i) the 
breaking tlirough of the underlying crust into tlie atmosphere 
to form land and (ii) the elevation of that land into mountains 
of greater or less height, coupled with the different physical 
properties of rock and water, whereby they heat and cool at 
different rates. 

While the influence of climate on mobile man is obscure, its 
influence on static vegetation is comparatively obvious. We 
may therefore next consider a fav contrasted examples. 
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An'YONe who has ever Jravcllrd, c\cn if ihcir travels Jiave taken 
them no furtlicr than from London to the Riviera or to die 
Highlands of Scotland, must Iiave been struck by the dincrent 
appearance of the vegetation in different places, not mcrcl}' 
individual plants but die total told vegetation. A great deal 
of knowledge has been accumulated concerning die vegetation 
in all parts of the world. I propose to confine my rcmarls to 
two extreme types of land cover: namelv, tropical cs'crgrccn 
rain forest and alpine. This will pvc some idea of die effect 
vegetation has on the Earth. I sJiall tlien go on to consider 
naked land or desert. 

The greater part of the land surface of the Earth is more or ; 
I<M concealed beneath a mantle of \ egetation -*• or was until 
fairly recently, when man started ripping it up wholesale 
wherever he could get at it. E\<m so, about 1/71)1 of the total ' 
land surface is desert or ncar*descrt and so wered with a very 
threadbare mantle, or with no mantle at all. 

Plant life, like animal life, no doubt originated in the sea. 
The primeval crust, the first land to be raised abos*e the 
sucface of die h)drospherc, had of course no vegetation. 
Volcanic islands sometimes appear suddenly in mid-ocean, and 
they alw have no vegetation. Occasionally all the vegetation ‘ 
on an island is destroyed by a volcanic explosion, as may 
perhaps have happened on Krakatoa, when it was blown up 
in 1 8O3, though this is not an established facL Such islands are 
then deserts, but they do not remain deserts. After a time a 
film of vegetation, consisting fint perhaps of flowcricss plants 
and later of flowering plants, begins to spread over them. The 
spores of die former may be brought by air currents, die seeds 
of the latter by ocean currents and by birds. Or sea-borne 
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frmts, like coconuts, may amve first If the climate is warm 
and humid, and frost unknown, and if ram is plentiful and 
well distributed throughout the year, it is only a question of 
time before the island is covered with one of the highest possible 
types of vegetation, that is to say svith tropical evergreen ram 
forest It may take a tliousand years to develop, but tliat is 
nothing Volcanic soil is nch in mineral salts, needing only 
humus which is denved from vegetable matter through the 
agency of bacteria, and this will gradually accumulate — 
provided the bactena are present 
The quality and quantity of vegetation m any region is 
dependent mainly on chmate Given sunhght, of the several 
climatic factors humidity of atmosphere and adequate water 
m the sod are the most important, and of these tivo, atmo 
spheric humidity has the greater influence on the vegetation 
For if the air is constantly dry, no amount of water m the sod 
will be of much use — apart from the fact that the water may be 
salt An oasis m tlie desert is, of course, compared with the 
desert, a Garden of Eden Nevertheless, it is a very scraggy 
garden compared with more favoured lands If ram falls fre- 
quently, the air cannot be dry 
Intermediate between near desert and forest are the regions 
known as steppe, praine, pampas, savanna, llanos, campos or 
meadow The temperate grassland areas such as meadow, 
steppe, praine may be regarded as intermediate between tundra 
and temperate forest, savanna (or in South Amenca llanos) 
as intermediate bctiveen hot desert and tropical evergreen 
forest 

But tliough water controls the type of vegetation m general. 

It is not the onlji factor which influences it, it is ordy the most 
important factor Temperature also is important, and so 
important that if the temperature is constantly below a certain 
mmimum, all the water in the world won’t bring vegetaUon, 
for the water will be ice 

As an example in transition from one type of vegetation 
mantle to another, suppose we make a journey eastwards do'Vrt 
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thcTsinf^o \illc>, from the neJt^hbourliood ofl Insa, ahiiufic 
i2,jOO feet, to iJic prett porpe wjirre the Tunqpo breaks 
tliroupli the Himah) « llic outer platcm of Tibet, thoupb 
treeless nml and, is bj no me ins i desert Along i>alcr-coursrt 
and m Milages \\hcrc imgaiiou it praclisctl, Uiere ate eten a 
few stunted trees, willow and elm I arge areas, bottctcr, are 
dtN-oid of an> visible plants forming patches of sandy or $lon> 
desert, fspcciall) in the nver \alle> itself where sand dunes arc 
a feature The hillsides arc toxcred wiOi scattered thorn) 
iindcnlmtbs and small herbaceous plants, in hmit«i vancty, 
most of these disappear in winter, though continuing to exot 
underground The country m fact, looks extremely barren 
Tlic first trees to appear are jumpers, not forming forest, but 
growing scattered along the n\cr bank, meanwhile shrubs and 
herbs ha\ c been steadil) increasing in number, \ anety and sue 
Now conifer forest appears, not down m the valley, but looo 
or 2000 feet above the nver, where it pets more ram and Jess 
wind Gradually the forest descends until at last just before 
the nver enters the gorge the valley itself is filled with conifer 
or even with mixed forest 

r»ext comes mixed forest, about 50 percent of die trees betng 
species of rhododendron, with vanovij conifers, but gradual!) 
deciduous broad leafed trees increase and replace the rJiodo- 
dendrons By tlie time we have reached Gooo feet altitude, we 
arc m typical Himalayan temperate forest where bircli, oak, 
maple, chestnut, and magnolia arc the commonest trees 

Jrom a consideration of the above transition we may con 
elude that the cliangc from cold near-desert to tempente forest 
IS at least partly gov erned by temperature, and is thus a matter 
of altitude or of latitude But it u even more governed by 
humidity and here wind plays an important part Tlic absence 
of trees on Uic outer plateau ofUbct is m reality due more to 
wind, andythus to drought, than to low temperature 

SirrularM difference between hot desert and luxuriant 
lunelc IS mainly due to a diflercnce of moisture content in bom 
nir and soil \D«ert and ram forest are extremes, connected 
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by se\cnl mtcrmcdntc but not necessarily successue stages 
The alpine region passes directly into cold desert as altitude 
increases 

Formerly evergreen ram forest must have covered most of 
the land surface vvithin the equatorial belt, say for lo degrees 
on either side of the equator It still covers large areas m the 
Congo basin and in Portuguese East Africa, in the Amazon 
basin, in Guiana and Venezuela, and in New Guinea and 
other islands between Qjiccnsland and Mala>a This type of 
forest extends bc>ond the cquatonal belt, and even outside the 
tropics altogether if conditions arc peculiarly favourable, as in 
the foothills of Upper Assam and North Burma 
But the total area of land surface within the tropics is only 
about ig million square rmics, of which not more than half 15 
to day forested If, however, we add to this all the forest area 
m the world, including monsoon (deciduous) forest, temperate 
forest, conifer forest and so on, uc find that tlicrc is still a fair 
amount of forest left, though it is dwindling every year 
What then are the characteristics of tropical evergreen rain 
forest^ Let us look at the vegetation of the world through the 
e)cs of the botanist geographer 
Although tropical evergreen forest is the most vaned and 
luxuriant type of forest in existence it docs not contain the 
largest trees Nor is it the most impenetrable type of forest 
The tallest trees, the Redwoods of California and the Blue 
Gums of Australia, both occur outside the tropics As for 
impenetrability, the hill jungles of Burma and Assam, the moss 
forest found at considerable heights in Malaysia, even the 
rhododendron forest of cool elevations in the Eastern Hima- 
laya are equally impenetrable, and probably more so Here, 
however, the slope of the ground increases the difficulties For 
quite odier reasons, mangrove swamp forest may be im- 
j penetrable There arc also extensive forests in regions well 
outside the tropics, where the winters are cold, which have far 
fewer species and less variety than wet tropical forest, where it 
IS almost impossible for a man to get through, perhaps the most 
61 



ABOUT THIS EARTH 
impenetrable forest in the \\orId u found m the Great Kinghan 
mountains of Manchuna 

In fact impenetrability is not an outstanding characteristic 
of tropical evergreen forest, though it may often be necessary 
to cut ones way through The botanical characteristics 
tropical evergreen forest are, firstly, the great variety of tall 
trees with wide-spreading umbrella bkc crowns, forming a 
neatly closed canopy overhead, secondly, the abundance of 
long slim woody climbing plants, ribbon or corkscrew shaped, 
which help to fill up gaps between the crow ns of the trees, and 
take up much of the space between the trunks, often lying m 
coils on tlie ground, thirdly, the wealth of epiphytes of all 
kinds, that is of plants growing on other plants, usually on 
trees — on their trunks and branches, and even on thar leaves, 
as a result of this inside the forest the light is dim, the humidity 
from lack of sunshine and wind, high Consequently there « 
often comparatively litde undergrowth Creepers, pnckly 
climbing palms, and plank buttresses suppomng the trees — 
that u upright tnangular plank like outgrowths of the roots 
radiating from the bases of the trunks — sometimes make thu 
type of forest difficult to gel Oirough, not to menuon swamps, 
fallen tree trunks and rocks 

The above details are, however, hardly Uie business of the 
geogtapher, except m their -wider implications 
What ts important to the geographer is the fact that fim 
cannot enter wet tropical forest, unless it is first felled and dned 
out This has been a great protection in the past, and even 
to-day slows down its destruction Nevertheless, evergreen 
forest IS being steadily and ruthlessly destroyed in certain parts 
of the world notably in South East Asia, and since it occurs 
•■only in regions of heavy rainfall, and usually in hilly if not 
untainous districts, the results arc the more striking Apart 
of tree actual loss of timber, of economic plants generally, 
w ind, a. trees — this last not a senous consideration m a 
SlInlla*^]g^J jjy jjjg doctnne of quick profits — the run off i5 
jungle is ^^creased, nvers arc choked svith sediment leading tn 
iir and so 
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floods lower dou-n, and soil stnppcd iwaj, not perhaps to be 
replaced m a thousand ^ears ior the acgctation mantle of 
the Earth is a protective armour It protects the crust from 
the consequences of its contact with the atmosphere Once the 
armour is pierced, hillsides may be unable to support any 
\cgetation, and arc at least unfitted to support forest They 
may, as in parts of Malaya, still support a rank cover of grass, 
but equally every vestige of soil may be remoaed, leaving 
nothing but bare rock Enormous stabs of naked rock have 
been exposed by this means m North Burma in the valley of 
the eastern Irrawaddy These bare rock faces heat tlie air 
locally, causing it to nsc, thereby lowering the rainfall in the 
\ alley and gradually altering the local climate 

Forest has to be cut down and cleared by the inhabitants of 
the hills m order that they may grow crops Under present 
conditions shifting cultivation is earned on — new clearings are 
made each year But unless this can be brought under control 
and the destruction of wet forest earned out according to plan, 
particularly m the hills, \ery senous troubles arc in store sooner 
or later The question of forest conservation within the catch- 
ment area of a nver falls withm the province of a body such as 
thcTVA of America 

Wet tropical forest occurs only under certain climatic condi 
tions — high and constant humidity with frequent and usually 
Molent showers to maintain it, plenty of bnght sunshine, a 
temperature which never falls much below 70® F , or rises 
much abosc 90® F , and a more or less equable distnbution of 
light and darkness throughout the year Consequently there 
ire no seasons and apart from day and night almost no change 
tliroughout the year Ckmstont and static conditions are the 
rule 

The prevalence of such conditions depends mainly upon two 
factors (1) latitude, (11) the distribution of land and sea But 
there is also another factor which is important, namely, the 
elevation of the land and the distnbutiOTv of high land Even 
in the equatorial zone, the best condiuons arc more likely to 
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obtain in the Jiills than in Uie plains. If die equatorial belt 
consisted mostly of land or of broad masses of land separated 
only by narrow belts ofwatcr, instead of as now, i/ 4 th land and 
3/4th3 water (almost cxa«ly the same proportion as crv’cr thcen-, 
tire Earth), there might be more desert than wet tropical forest 
here. As it is, where the equator crosses wdde land masses, wet 
tropical forest is confined more or less to the narrower northern 
part of South America within the Amazon basin, Guiana and 
die Orinoco valley, and to the narrower waist of Africa, from 
the Gulf of Guinea (Cameroom and Congo basin) to die 
Mozambique Channel. On the otlter hand the cast end of 
Java is noticeably drier than the west end, and the coasts of the 
former Italian Somaliland, of northern Australia west of Dar- 
svin, eastern Ceylon, the western end of Timor, Annam, and , 
Peru are arid. Thb is hardly in accordance sritl: expectations 
and indicates the almost whimsical manner in which rain" 
bearing currents not merely by'pass, but even flow harmlessly^ 
over regions svhere one might reasonably expect continuous 
heavy rainfall; so that the d^tribudon of svet tropical forest is 
also occasionally unexpeaed. 

In many parts of Nesv Guinea, not a week ever goes by 
without rain, such localities being generally in or close to the 
hills. This is true also of the foothills of R.uwcnzori and perhaps 
of the Cameroons. 

The two chief climatic conditions necessary to maintain wet ’ 
tropical forest are humidity and temperature,- but especially 
humidity. As this drops, a change takes place not only in the 
type of vegetation, but aUo in its composition. Evergreen forest 
is replaced by monsoon deciduous forest. 

But so long as humidity is maintained at a high level dense . 
evergreen forest is the rule, even in a temperate climate- c 
have just noted that a dry season is far more potent in upsetting 
- the rain forest than is a cold season. As one recedes from the 
equator, .seasons become more distinct, temperatures les, 
equable, the distribution of light and darkness more season^. 
Yet many of the characteristics of i»ct tropical forest persist 
64 



TROPICAL JUNGLF 

^vcU bcjond the tropics, because the humidity remains con 
stantly high Assam, for example, u shaped like a funnel with 
Its open mouth to the south*svest and converging ranges of 
mountains on either side As a result the monsoon winds blow 
up It with increasing force and the foothills arc ever moist, 

\ and covered with wet tropical forest as far north as lat 29 
degrees, in spite of increasing altitude Humidity on the whole 
increases with altitude, and so also does tlic luxuriance of tlie 
forest, until a point is readied where increasing cold outweighs 
die advantage of increasing humidity, and the forest becomes 
more open at higher altitudes the trees arc smaller, of fewer 
and of course of different species, m different proportion 
There may be fewer climbers (though more epiphytes, wluch 
depend chicfl) on a humid atmosplicrc, whereas woody 
climbers demand a high temperature), and the canopy may be 
less complete Nev ertheless, owing to the form of the trees, to 
the increased undergrowth, to die development of mosses and 
bamboos and increased numbers of shrubs, the forest 15 still thick 
Conditions m Nordi Burma are much as m Assam, and dense, 
impenetrable forest is found m places as remote from, the 
equator as Tierra del Fuego, the west coast of Chih, Tasmania, 
Manchuria, and Vancouver Island As to altitude, at 7000 or 
8000 feet in Java or New Guinea or half way up Ruwenzon the 
forest IS impenetrable 

The beanng of all this on human progress in certain parts of 
the world is significant Early man, who got himself mixed up 
in this type of forest, was trapped He could make no Jieadway 
He possessed neither the tools for making clcanngs nor the 
knowledge for raising crops All the advantages which the 
tropics conferred on him by reason of their wealth of vegetation 
(. and easy climate were wasted He could be a hunter and 
f nothing more It was not until very much later, when man was 
already cmhzed, that he leamt to subdue the tropical vegeta 
tion One has only to compare the culture of the North 
Amencan Indians with that of the tribes inhabiting the 
Amazon basin to see what this implies In Afnea, tlie tribes 
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north of llic Snhara uere far more advnncctl tJnn Uiosc in die 
equatorial belt So also were those south of 20 degrees Not 
the climate, but the vegetation resulting from climate is 
responsible for these difTcrcnccs On die open plains or along 
the coast, on the fringes of the desert, and even m llic moun 
tains if cold enough, man could at least get about, and see about, 
exchange ideas, compare his experiences, correct first imprcs 
sions But the jungle uas a prison, and in tropical mountain* 
where the jungle u most impenetrable, it was more so than on 
the plains So tnbes became isolated in watertight compart- 
ments— valley separated from vallc) by mountains covered 
with tropical ev ergreen jungle, such as is found tliroughout 
South East Asia 

A region of great geographical significance is the belt of 
tropical and sub tropical evergreen forest which separates die 
agricultural regions of China from tJiosc of India Hie moun 
tains themselves play an imporunt part here Yet it » certain 
that had they not been covered with impenetrable forest, 
migrations and armies trampling to and fro between China 
and India would have altered the destinies of the East A 
southward extension of thu forest belt kept the bulk of the 
Tai Chinese and Tibeto-Burman races apart 

For the jungle conquered pnmiuve man Centuries were to 
pass before man conquered the jungle — if he /ar yet con 
quered it 

As tropical evergreen ram forest — to give it its full title — « 
the highest t>‘pc of plant community, so when it is destroyed it 
IS die most diificult for Nature, in spite of all her patience and 
ingenuity, to restore How long it takes to come back, bow 
prolonged each successive step in the gradual process of rccon ^ 
struction may be, are questions which cannot be answered 
But since many of the trees m mature rain forest arc them 
selves likdy to be at least two or three centuries old, it can ^ 
hardly be I«s than five hundred years, and may quite well be 
a thousandVears old That is always supposing that Nature 
can restore ir. 
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ALPINE REGIONS 

As a contrast to tropical jungle let us now consider alpine 
regions, whicli stand at the other end of the scale Evergreen 
rain forest o^ves its presence to a certain combination of heat 
and moisture such tliat the chemical processes of growth arc 
continuous throughout the year In the alpine region and m 
the Arctic, plant growtii reaches its highest possible degree of 
intermission 

The vrord Alps has become current for almost anj mountain 
region high enough above the timber line to include turf, or 
tufted grass>covcrcd hills and vallcp, more accurately denoted 
the alpine zone Thus while no one has y et been bold enough 
to speak of the Himalayan Alps, vve have on good authority 
tlie Alps of Chinese Tibet, New Zealand Alps, Japanese Alps 
and the Alps of Burma 

To botanists and geographers at least the alpme zone is a 
definite region where certain conditions prevail It does not 
denote a parUcular altitude, for alpme condibons may occur at 
almost any altitude bctivecn sea level and 13,000 feet, not 
altitude, but climate controls the alpine zone All mountain 
ranges which nse above the tree line have an alpme zone, which 
extends between the timber line and the snow line. In New 
Guinea the tunber line is at 11,000 fcet, the snow line about 

15.000 feet In North Burma, Eastern Assam, and on the 
southern face of the Himalaya, the timber line stands at about 

12.000 feet Above that albtude the climate is too harsh for 
trees In some parts of Eastern Tibet, however, trees grow at 

13.000 feet Someivhat similar condibons are met with as one 
travels northwards m the noithenv hemisphere, or southwrards 
in the southern hemisphere, at progressively lower albtudes 
In the European Alps {lat 47 d eg r ee s) the tree hue is at about 
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6000 feet, m Scotland, to degrees further north, at aliout 2500 
feet There arc no trees on the Siberian tundra, a fen hundred 
feet above sca-lc\cl, or in Canada nortli of (k) degrees. In 
other words the alpine 7onc, now more correctly called Arctic, 
has here come down to sca-lc\el. But though climatic condi- 
tioas in the Arctic bear a certain resemblance to conditions at 
12,000 feet m the Himala>a, sufnciently so to make it diificuU 
to say whether a given plant, for example, comes from one or 
the otlicr, they arc b> no means identical TJie Arctic flora 
docs indeed bear a certain outward resemblance to the alp’me 
Himalijan flora — there arc even species common to both 
regions Oimparablc climatic conditions Jiavc hall-nurked the 
vegetation of bodi regions Kcvertlicless, the one is an Arctic 
flora, the other an alpine flora, and it is a mistake to confuse 
them. We should find much less resemblance between the 
alpine flora of New Guinea, for example, and that of the 
Arctic. On the other hand it must be confessed that the alpine 
flora of New Guinea bean little resemblance to the alpine flora 
of the Himalaya. 

Thus It would be absurd to compare the Arctic plains of 
Siberia or of Canada with the Himalaya mountains, in spite of 
a certain resemblance in tlicir floras Alpine plants grow above 
tlic tree line sn latitudes where trees grow . If there are no trees, 
as beyond the Arctic circle, the flora is an Arctic one. 

Here alps means mountains, and not only mountains but 
snow mountains; the alpine zone means the treeless zone which 
stretches from the tree line, wherever iliat may be, to the line 
of permanent snow. 

Just as when we travel northwards climate becomes more 
extreme, notably as regards fall of temperature, so when wc 
climb a mountain, cv cn if it is on the equator, the cold becomes 
more severe As a result, the ty-pc of vegetadon changes, 
different species and a different life form better adapted to tl»e 
changed conditions replacing it. But before a m.'ijor change 
takes place the vegetation becomes more stereotyped, owing m 
many less tolerant species dropping out. Gregarious specie* 
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become dominant Plants huddle together as though for 
\vamitli 

In temperate mountainous regions, before the tree line is 
reached, conifer forest becomes dominant, replacing broad- 
Icnfcd forest sometimes with one, sometimes with several 
conifers But ns soon as tlic climatic conditions become so 
tough that not even tlicsc trees can survive, that is to say, 
directly the tree line is passed and another t>pc of vegetation 
appears, a wealth of new species breaks out This alpine 
vegetation, herbaceous nnd shrubby, is far better m tune with 
alpine conditions than are trees Hence the exuberant plant 
population bursts out into n wide vnnet), as well as occurring 
in countless numbers, and the result is startling In the North 
Burma Alps there is a continuous but gradual transition, in tlic 
vegetation as one ascends from sub tropical ram forest in the 
deep valley’s, through temperate forest and conifer forest, to 
Alpine Betivecn looo and 6000 feet albtudc tlie number of 
species of trees steadily decreases Between 6000 and 10,000 
feet altitude it decreases faster But the moment the breaking 
point for forest is reached, and an alpine flora replaces a forest 
flora, a vigorous reonentation of plant bfc occurs There are 
probably as many species of alpine plants above tlie timber line 
as there are of trees and shrubs in the sub tropical belt Two 
abrupt changes m die total number of species may be noted as 
the \ egetation changes with altitude, the first at about 9000 feet 
altitude witli the change from broad leafed to conifer forest, 
marked by a decrease m the number of species, the second at 
12,000 feet, marked by a sudden increase 

Alpine regions occur in all the great mountain regions of the 
world, m the Andes the Rockies, m New Guinea, on the 
mountains of equatorial Afnea, in the Tian Shan, in Man 
chuna and the Carpathians and alpine regions everywhere 
have something in common, which is indicated by the type of 
vegetation known as alpine The geographer will note with 
interest, however, that where snow mountains occur near the 
equator, or perhaps anyivhere inside the tropics the alpine zone 
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deep, cIoggitiR die mim torrents which presently tunnel be- 
neath tlicm rjicsc snow beds persist for months 

'Hie question I think docs arise — will more use or new use 
be made of nlpine regions tn the jears following the war, and 
if new use, uhat new use’ AVc may dismiss the alpine regions of 
cquatoml mountains as unsuitable for any puqiosc we can at 
present conceive Tlicsc small areas arc a mere cunosity of 
nature, and arc likely to be preserved — as national parks — 
without any cITort on our part 

But the great alpme regions of tlic world arc not in die 
equatorial belt, or even in the tropics Thc> arc in the moun- 
tain ranges of sub tropical and temperate regions in North and 
South Amcnca, in Europe and above all in Asia Even North 
Burma and Eastern India, where the vegetation in the valleys 
is still sub-tropical in its luxuriance and the prcapitation on 
the heights, both as summer ram and is winter snow, is 
excessive, have a genuine alpme belt, fit for summer residence 
and grazing 

In Eastern Tibet and Western China or Sino Himalaya the 
greatest areas of alpme country are found Here behind the 
ram screen which shelters tliem from the worst of the monsoon 
summer ram arc vast areas of habitable country, fit for grazing, 
and, if the right crops and fruit trees were introduced, for 
agriculture The difficulties vvhicli agnculture has to face here 
arc less than those which farmers in hfamtoba and Saskatche- 
wan have faced — as far at least as climate is concerned, for 
there IS a growing season of more tlian loo days — and in fact 
we know that crops arc grown at over 1 3,000 feet in Tibet and 
at over 6000 feet in North Burma It is only accessibility to 
markets which is lacking But that is no reason why the 
inhabitants of these regions, who arc extremely poor, should 
not be encouraged to raise their own standard of living and 
share m some of the goqd things of the Earth Fruit and 
V cgetables, milk and meat, besides crops, could be grown in the 
alpme regions of /^la where the pastures are rich, the soil 
fertile and tire air bracing It should be a land of bnght 
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gardens. Drought at least is unlnossn; and the absence of 
mineral wealdi will keep the clash of rival economic intcreso 
at bay for some time to come. 

Abo\e 14,000 feet it is chiefly lack of soil which rcslricu 
vegetation. Tlicrc is plenty of \cgctation in favourable spots 
TIic Alps, especially in regions of heavy precipitation ant! 
extremes of temperature such as North Burma, are dynamic, 
the scenery' \iolent. Many hundreds of square mites of high 
mountains are unmhabtlable, though useful to food-and- 
mcdicinc'gathcnng people. 

B) August or September most of the snow beds below' 12,000 
feet hate disappeared, but above tJiat altitude many of them 
never melt, lliey influence the local weather considerably, 
keeping the valley in cold storage. Examination of a snow bed 
late in the summer reveal* that the surface is concealed beneath 
perhaps half an inch of vegetable maticr and dust, which can 
only have been blown on to the snow by vnnd. As the »oow 
melts this lajcr is deposited over the soil, thereby enriching if* 

These snow beds are the cause of some curious happenings 
in the lower v alleys, not the least cunous of which is the burying 
of spring-flowering alpine plants. Such plants are often not 
released till the autumn; nev'crlheJess, as soon as they ore 
released, lliey start to grow rapidly and, though dwarfed, may 
flower before winter cuts them down. Ilius one can see on the 
flanks of a valley, where a snow bed is melting, species of 
primula, iris, and other plants in ripe seed on the south side, 
whence the snow has long since melted, and the same spwes 
just coming into flower close to tlie snow on the norlli side, 
witWn a hundred yards* 

Nowhere are the effects of weathering so obvious as in the 
alps, which arc regions of furious demolition and reduced trans- 
port On the plains, rivers charged with mud testify 
fact that the material of the crust is being carried away to sea, 
and inspection of any delta will show land in process of 
tion. Smoothed, flat and rounded features result. In forested 
mountain regions one can hear the rocks m the torrent raiding 
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and banging against one another and \vatch stony banks being 
undermined and earned a\vay. Here demolition and transport 
perhaps balance one another, and vegetation has a conserving 
effect But above the timber hne transport lags far behind and 
demolition is continuous and \iolent Consequently material 
rapidly accumulates and valleys tend to be filled in All day 
long throughout the summer rocks arc falling, only to cease in 
t%mter IVhen the thaw comes the destruction reaches its 
maximum and so too, for a short time, does transportation but 
it never catches up and accumulation goes on The rocky sky- 
line changes every ^ ear 

In the very moist mountains of the North-East Frontier of 
India these features are emphasized Everywhere die surface is 
cohered with loose rock, the largest rocks rolling to tlie bottom 
of the alpine valley where accordingly no soil can accumulate 
Much of the drainage lies deep beneath a layer of boulders 
Further, there is a marked tendency for nortli facing slopes 
where the snow melts more gradually to be protected by a 
carpet of vegetation, ^vhlle south and west slopes arc unpro- 
tected and exposed to the full fury of the elements 

Just as the hill tnbes ofBurma and Assam cut and burn the 
jungle in order to make svay for their crops, so the herdsmen in 
the Eastern Himalaya cut and bum the rhododendron scrub 
m order to increase the pasture The effect is startling Instead 
of promoting the growth of grasses, sedges and other pasture 
plants It encourages the growtli of one or two fa\ cured rock 
plants, notably a species of pnmula (P Dickitana) winch occurs 
in astronomical numbers near the tree line where clearings have 
been made by burning the rhododendron scrub This is partly 
due to increased marshiness Now yak will not touch this 
plant, so that the only result is to cover tlie alps with it, and 
not only so, but to spread it still further Another plant winch 
comes up freely in places where rhododendron has been burnt 
IS Af<conopjis Tlius rt would seem that in some parts the 

alpine pastures arc being ruined by the spread of what nursery- 
men would call ‘new and rare alpmcs'l 
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an unrivalled field for discovery and research. Mountaineers 
uill find scores of unclimbed peaks on which to try their skill. 
They are regions not primarily of food production, nor of 
^residence, nor of commerce and industry, but regions where 
i^knotvledge lies sleeping, awaiting the magic touch wliich shall 
%vaken it to life. And it may well be that from the grandeur of 
their form and tlie challenge of their solitude, no less than from 
the harshness of their climate and the vigour of their sublime 
colouring, these infinite mountains are also the realm of 
spiritual peace. 
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What part will the alpine regions of Asia and America play 
in the new ^vorld? Thougli generally uninhabited, they have 
nothing else in common with deserts, much in common witJi 
Arctic regions. Wliere, as in tlic Burmese Alps, snowfall is very 
heavy, they arc ■uninhabitable in vnntcr, their passes blocked. 
But in summer they arc temporarily inhabited by people from 
tlie villages in the valleys bringing their herds to graze. North 
Burma, however, could support a far greater number of cattle 
in summer. The chief diihculty is how to keep them healthy 
during the winter, when they must live in the forest belt below 
9000 feet. Salt too is lacking and more -would have to be im- 
ported. In South-Central Tibet, Wdem China add otherparts 
where the sno^vfall is less hea\'y and winter humidity lower, 
there are villages and monasteries as high as 13,000 or even 
14,000 feet. Similarly in the Andes, where tJie whole inhabited 
region is alpine. Glaciers occur on these drier plateaux in place 
of snow beds. 


The alpine regions then are grazing lands (Urongh crops arc 
raised at 13,000 feet in Tibet) and, economically, nothing more. 
In Tibet, great numbers oidzo, sheep, goats and ponies grazft 
They yield rich milk and butter, wool and hair, also skins, and 
these products are worth improving. It is likely that, a* 
other parts of the world, large areas are being rendered 
productive through ignorance. At present the contribudon of 
Tibet to its own inhabitants and to world markets is negligible. 
But some day it might be an important source of supply, m 
exchange for some of the things which Tibet lacks : for otamp c, 
huge quantities of butter are consumed in the cerernonial lamps 
of tlie monasteries. Kerosene would be better. 

However that may be, the svholc of the mountainous 
fromNKashmir to Cathay Is distinguished by an unpar.'ille 
wealtmof beautiful flowers, many of them able to grow on 
plains mithcr north, thus emphasizing that affinity 
high altrtude and high latitude already referred to. Not a c 
are end^ic. Explorers expert in any branch of nat . 
science, botany, zoology or geology, tvill find in these remote a p 
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an unrivalled field for discovery and research. Mountaineers 
vill find scores of unclimbed peaks on ^vhich to try their skill. 
They are regions not primarily of food production, nor of 
( residence, nor of commerce and industry, but regions where 
' knowledge lies sleeping, awaiting the magic touch which shall 
waken it to life. And it may well be that from the grandeur of 
their form and the challenge of their solitude, no less tlian from 
tlie harshness of their climate and the vigour of their sublime 
colouring, these infinite mountains are also the realm of 
spiritual peace. 


75 



VIII 


DESERTS 

Desert is the name pven someivhat loosely to those pans of 
the land surface which support little or no life, animal or 
vegetable. Tlic quantity and pcrliaps also the variety of animal 
lie m any region is more or less proportional to the amount 
and variety of the vegetation, since it is vegetation which 
directly or mdirecUy provides food for all animal life. \Vith the 
mvindling of forest and pasture animal life too divindlcs, to 
disappear completely in the desert; complete absence of vegeta- 
tion implies complete absence of animal life also, at least of 
resident animal life, though few large areas in the svorld are 
computelj devoid of vegetation. 

In or ncar-desert regions then there is little or no 
animal life because there is little or no vegetation; tliere is little 
or no vegetation because there is little or no water; there is 
little or no water because there is little or no precipitation, that 
** *^y» rainfall or even dew, or because the precipitation is in 

the form of snow whicli never melts. The reason for scanty and 
irregular precipitation must be sought in llie circulation of the ‘ 
atmosphere which carries the water vapour of rain and dew^ 
and in the land shapes which cause vertical air currents— 
ultimately in the distribution of land and water and the height 
of the land. 

The only b^her possible source of water in desert regions or 
anywhere clseds underground, so-callcd meteoric water, which, 
coming to theVurface as a spring, forms an oasb. This water 
too originally fWI as rain, or as snow which melted, and perco- 
lated slowly underground to iu present position at the bottom 
of a ‘basin’; to reappear above ground at a height no.t greater 
than the level at which it stands in the basin. 

It is important tq realize that desert conditions are the result 
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of prolonged drought (that is the absence of wttcr) because 
evaporation exceeds precipitation But exactly the same result 
IS attained, so far as life is concerned, if for any reason vegeta 
tion IS unable to absorb water even when it is present 
^ This frequently happens cither because the soil is frozen 
or at least nearly frozen, and its avatcr content solid, as in 
Siberia and Northern Canada, or because of the presence of 
an excess of salt in the soil as in many parts of Tibet, in the 
Austrahan desert, in the Great Salt Lake basin of the South 
Western United States and elsewhere, and perhaps for other 
reasons Snoiv, of course, cannot be taken up by the roots of 
plants until it melts, and plants cannot as a rule drink salt 
ivater any more easily than animals can Most land plants 
grow n m a salt marsh would suffer from thirst exactly as a man 
at sea m an open boat suffers from thirst, and like fum would 
soon perish for lack of mter Tundra is the name given to 
the Arctic plains of Siberia where it is too cold and swampy for 
trees to grow Tundra is cold semi-desert 

Thus It is convenient to distinguish between the hot low lying 
deserts of the tropical and sub tropical belt, and cold deserts in 
high latitudes or at high altitudes In tlie former, which are on 
the whole areas of high pressure, evaporation exceeds precipi 
tation, so that there is a more or less perennial shortage of 
ivatcr, with consequent absence of vegetation In the latter 
there may be plenty of water, as in the swamps and deltas of 
the tundra, but the soil is too cold for the roots to function, or 
else the water is frozen solid, or it is salt 

Thus the tundra, the high plateau of Tibet and other places 
where physiological drought prevails arc just as much desert as 
Libya and Arabia There is plenty of water, but so far as 
%egetation is concerned it is as a mirage m the hot desert 
A few specially equipped plants can survive where the water 
is salt if the soil is not frozen 

One miglit suppose that since water vapour is drawn up 
from the sea by the heat of the sun (and the hotter the sun 
presumably the greater the evaporation) deserts, wherever else 
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they might be found, tvould be absent along the sciboard and 
particularlj along a tropical seaboard lllanifestly Uiat is not 
true It IS indeed surprising hosv many thousands of miles of 
and, barren coast do m fact fringe the seas of the ^^orld, and 
espcaally the ivarm seas There is no obsnous relationship be 
tw cen rainfall and distance from the sea The coast of North 
Afnea, familiar to many people nostadays, is fringed by deserts 
for 2000 miles, and conditions rapidly become even more severe 
inland, especially behind mountain ranges like the Atlas 
Arabia is no better off, as those svho have visited Aden must 
have noticed Round a large part of Austraba again, the desert 
comes down to the sea, as it does in Nordicm Chile Even the 
coast of Annam on the Soutli China Sea is and and near desert 
inland as far as the Annamite Qtain ‘The existence of small 
and islands in the Indian Ocean, the barren shores of South 
Morocco and the desert on the coast of South Peru show tliat 
the mere proximity of even an ocean docs not ensure a moist 
climate 

Having been taught in our youth to associate deserts witli in 
tense heat and intense heat with the tropics — few of us I suppose 
easily learn that Delhi is in almost the same latitude as Shanghai 
and Shanghai m the same latitude as New Orleans — we come 
to believe that the greatest deserts must be close to the equator 
At least we arc tempted to bebeveit, and no doubt would do so, 
did we not also recollect that the hotter the sun the greater the 
evaporation, and the greater the evaporation (perhaps) the 
hcavaer and longer the rainfali This line of thought lands us 
with an apparent contradiction, even a paradox, hard to resolve 

^Ve have just disposed of the fallacy that there are no deserts 
near the sea, for though the evaporation over the sea is great if 
the wand blows outwards from the land the water vapour cannot - 
reach the land As we realize now, there arc thousands of mil» 
of desert coast both within and wirtout the tropics, it is not the 
proximity of the sea but the direction of the air currents that 
controls the formation of clouds and determines their destina 
* The Dtad Heart e/ Amtral a J W Gregorr 
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tion. The fact is, ^vhat many of us were taught in our youth 
about deserts and heat was not the whole truth and nothing 
but the truth. Rather \vas it anything but the truth, or at best 
a half truth. The equatorial region is not the hottest place in 
the world — though it might be, were land and sea differently 
arranged. And as to the alleged intense heat of deserts, most of 
us realize nowadays that though intense heat is rightly asso- 
ciated -with ‘hot’ desert regions, temperature is only one of 
several factors favourable to the birth of desert conditions. 
Actually intense heat, due to radiation, is as much a result as a 
cause of deserts. 

However we are right in associating intense heat \vith the 
Libyan or the Arabian desert by day, during the summer, so 
long as Ave understand why we must associate intense or at 
least severe cold with those places by night during the wnter. 
The tropical and sub-tropical desert is essentially a region of 
extremes. In Libya for example the shade temperature ranges 
from a'minimum of 40* F. in winter to a maximum of xao* F. 
in summer. It owes its desert nature however not to high tem- 
perature but to low humidity, not to heat but to drought, 
which is a very different thing; for drought, though assisted by 
heat, can be caused by quite other agencies. It is by no means 
certain that if the mean temperature of Libya sverc suddenly 
lowered by 10 degrees there would be any lessening of the 
drought — any increase of precipitation, even after the lapse of 
years. ^ 

Nor must we expect the Siberian tundra or Central Tibet 
ever to be hot or even pleasantly warm; they are both frigid 
deserts. 

■Deserts originate in various ways, but most of the deserts in 
the northern hemisphere arc post-glacial — that is they date 
within the last 10,000 or 15,000 yeats. There appears to be no 
evidence of serious changes of cKmatc in Asia, resulting in the - 
formation of great desert tracts, svithin the historic period; and 
few geographers nowadays believe that pulsations of climate in 
Central Asia, so skilfully expounded by Huntingdon, were the 
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mam cause of the periodic irruption of the nomads into 
surrounding areas 

Nc\ crthelcss, the heavy hand of man has cons erted millions 
of acres of once fertile country into sterile barren wastes by 
neglect, by greed, b) impatience for quick returns, by ignorance 
and by sheer thouglitlcssncss As though to make amends for 
his ill-treatment of the land, involving the destruction of sod 
fertility over \ast tracts, twentieth century man is actiacly 
engaged in irngating deserts in many parts of the world Since 
desert sod is often extremely fertile — for example in the loess 
regions ofNorth ^Vestem Ciima, and all that is needed to bnng 
back vegetation is water, a well devased irrigation plan will 
make sucli deserts blossom 

Sometimes as in South Australia and Queensland deep 
seated water is present, and it is only necessary to bore wells to 
reach it But since this is apparently plutonic and not/ncteonc 
water, these flowing wells are not inexhaustible (Gregory) 
More often, to irrigate deserts or and country such as Central 
India, It IS necessary to bring stored water from a distance 
Primitive irrigation by means of long distance aqueducts is 
earned out on a small scale in Eastern Tibet 
Irrigation of course is no new idea, although modem tech- 
nique with Its dams, reservoirs, pumping stations, pipelines and 
so forth IS very different from the happy go-lucky technique 
devised by simple peasant communities several thousand years 
ago But not different in pnnciplc The Babylonian canals in 
what 13 now Iraq drew water from the Tigris 4000 years ago 
and distnbuted it over hundreds of square miles of desert 
The 25 foot bamboo water wheels of Szechwan in Western 
Cliina, made to revolve by the current and so lift water from 
the nver m bamboo tubes to pour it on to the fields as they 
turn, and the wooden flumes of Tibet drawing off the water 
of a mountain torrent arc examples of simple imgation devices 
But to irrigate deserts on a large scale sometlung more is 
needed, espeenUy in a Jiot climate The modem imgation 
engineer is a highly trained specialist. When we rCCoU^* 
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that ncirl) 3/4tlis of Uie lithosphere is under the sea, and 
^vhcn further we recollect that the hjdrosphcrc os a whole, 
inclddmg land based water, has a moderating cficct on the 
chmate, we maj well be astonished at the area of desert and 
near desert in the world The total land area is nearly 56 
million square miles Of tins, something like 2-' million square 
miles, roughly 2/3t}is is desert or near desert hio wonder 
the 2000 million people in the world over wndc areas appear to 
be tlimly spread, while elsewhere ilicy appear to be congested 
Much of the surface of the lithosphere under the sea is also 
virtually desert, supporting neither animal nor plant life Here 
howe\ er w e are considering only the \ isible surface of the globe, 
where what we ha\e described as the film of life finds susten 
ance so long as water is present m sufficient quantity and m 
potable form. If land and water while retaining the same rcla 
tive ratio of nearly t 3 were more evenly distnbutcd thcratio 
of desert to well w atcred land might be decreased c may be 
sure that if there were any great mrtase of land surface, the 
desert area also would be increased The same result would 
almost certainly follow if the present continents were drawn 
more closely together Tins seems to me a fatal flaw m Wegner s 
theory of continental drift For if, as Wegner held the con 
tments were all originally joined together it is highly probable 
that the whole interior wo^d have been a vast desert, wath little 
or no life 

But though the regular zone climates of the Earth arc modi 
fied by the distribution of land and water and by altitude, he 
would be a rash man who w ould pronounce exactly what effect 
any senous redistnbuUon would have That there have been 
great changes of climate in the past is certain although some 
penods such as the coal age seem to have been characterized 
by a uniform climate over a vast area persisting unchanged over 
a long penod of tune The difficulty is to knoiv just what the 
distnbution of sea and land was at that remote epoch Tlie coal 
beds of die world indicate the sivamps But ivliere ivere the 
mountains whose nvers flowed into the sivamps’ 
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mam cause of the pcnodic irruption of the nomads into 
surrounding areas 

Ne\ crthelcss, tlic heavy hand of man has com erted millions 
of acres of once fertile country into stcnlc barren wastes by 
neglect, by greed, by impatience for quick returns, by ignorance 
and by sheer thoughtlessness As though to make amends for 
his ill-treatment of the land, involving the destruction of soil 
fertility over vast tracts, iwcntictli century man is actively 
engaged m irrigating deserts in many parts of the world Since 
desert soil is often extremely fertile — for example m the loess 
regions of North \V estem China, and all that is needed to bring 
back vegetation is water, a well-dcvascd irngation plan will 
make such deserts blossom 

Sometimes as m South Australia and Queensland deep- 
seated water is present, and it is only necessary to bore wells to 
reach it But since tins u apparent!} plutomc and notpieteonc 
water, these flo'ving wells are not mcthaustiblc (Gregorj) 
More often, to irrigate deserts or and country such as Cwtral 
India, It IS necessary to bring stored water from a distance. 
Pnmitivc imgation by means of long distance aqueducts is 
earned out on a small scale in Eastern Tibet 
Imgation of eounc is no new idea, although modem tech- 
nique with Its dams, reservoirs, pumping stations, pipelines and 
so forth is very different from the happy go-lucky technique 
devised by simple peasant communities several thousand years 
ago But not different in principle The Babylonian canals in 
what IS now Iraq drew water from the Tigns 4000 years ago 
and distnbuted it ov er hundreds of square miles of desert. 

The 25 foot bamboo water wheels of Szechwan in ^Vestem 
China, made to revolve by the current and so lift water from 
the river m bamboo tubes to pour it on to the fidds as they 
turn, and the wooden Bumes ofTibct drawing off the water 
of a mountain torrent arc examples of simple irrigation devices 
But to irrigate deserts on a large scale somclhmg more is 
needed, especially in a hot climate The modem imgation 
engineer is a highly trained specialist When we rccoUcct 
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that nearly 3/4ths of the lithosphere is under the sea, and 
when further ^^e recollect that the hydrosphere as a ivhole, 
incltiding land based water, has a moderating effect on the 
climate, ive may well be astonished at the area of desert and 
near desert in the world The total land area is nearly 56 
million square miles Of this, something hke 22 million square 
miles, roughly c/gths, is desert or near desert No wonder 
the 2000 imlhon people in the world over wide areas appear to 
be thinly spread, while elscr^hcrc they appear to be congested 
Much of the surface of the lithosphere under the sea is also 
virtually desert, supporting neither animal nor plant life Here 
hoivcver we are considering only the visible surface of the globe, 
where what we have described as the film of life finds susten- 
ance, so long as water is present in sufficient quantity and m 
potable form If land and water while retaining the same rela 
tive ratio of nearly i 3 w ere more evenly distnbutcd, the ratio 
of desert to well watered land might be decreased We may be 
sure that if there were any great tttcrt<ist of land surface, the 
desert area also would be increased The same result would 
almost certainly follow if the present continents were draivn 
more closely together This seems to me a fatal flaw in 'Wegner’s 
theory of continental dnft For if as W egner held, the con- 
tinents were all onginally joined together it is highly probable 
that the whole intenor ould have been a vast desert, with little 
or no life 

But though the regular zone climates of the Earth are modi- 
fied by the distribution of land and water and by altitude, he 
would be a rash man who would pronounce exactly what effect 
any senous redistribution would liave That there liave been 
great changes of climate in the past is certain, although some 
periods such as the coal age, seem to have been charactenzed 
by a uniform dunate ov era vast area, persisUng unchanged over 
a long penod of time The difficulty is to know just what the 
distnbution of sea and land was at that remote epoch The coal 
beds of the world indicate the swamps But where were the 
mountains whose nvers flowed into the sw'amps’ 
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^Vc ]iavc already seen that to associate die greatest heat ivitli 
die equatorial region is not quite in accordance wth facts. 
Actually the great deserts occur in a wide belt which almost 
girdles the Earth just along, and in Asia largely outside, die 
tropic of Cancer. Tlie greater land area north of the equator 
ensures that the largest and driest deserts shall be in the 
northern hemisphere. The north temperate zone contains 
about 8 million square miles more of land surface than the 
tropical zone; it contains nearly seven times die area of the 
south temperate zone. Hence the world’s greatest desert belt 
lies mainly between 20 degrees and 40 degrees north ladtudc: 

Asia between 15* and 45"') 

Afnea „ 15* „ 35“ y North Latitude 

N. Amcnca „ 15® „ 45‘’J 

Another narrower desert belt Hes mainly soudi of the Tropic 
of Capricorn; 

Africa between 15* and 30®*] 

S. America „ 20® „ 40* > Souili Latitude 

Australia , „ 15® „ 35®J 

Clearly, neidier continuous heat alone, nor the proximity of 
the sea, nor the presence of lakes, will cither make or unmake 
deserts, wrliich are the result of drought, and depend upon the 
direction of hot and cold air currents. 

Man henvever can initiate desert conditions within a genera- 
tion. During the next 50 years the drive for more fo^ may 
become intense, and imgation in arid regions is likely to be in 
the forefront of human activities. But it would be a mistake to 
think that all the deserts of the world have only to be irrigated 
in order to produce crops, or even that the world’s food supply 
can be greatly increased by a mere extension of irrigation. In 
many parts of the world the limit of imgation has been nearly 
reached. 

Irrigation is primarily the respoasibility of skilled engineers 
who cany out the policy laid down by the government ivherc it 
8 z 
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can be ipplicd It ccrtainl) cnibl« crops to be niscd on land 
prctiousl) sterile It produces arable hnd, but not pasture 
But vliilc irngaiion will undoubtedly be one means of jncrcas 
ing the food supply it wiU not of itself ruse the standard of 
living of the peasants An expanding food suppl> means an 
expanding population and not mucli else 
The long range implications of unlimited irrigation fall 
vMthin the «cope of the geographer, uho prompti) asks, is the 
total rainfall of the Eartlis surface, supposing it to be every 
vvhcrc evenly distributed, suflicicnt to convert all tJic desert of 
the vvorld into a land flowing with milk and honcy^ 

To that question it is impossible to give a complete answer at 
present, since we only have very rough estimates for tlic total 
rainfall of tlic Earth Yet the question is of more tlian academic 
interest, since it has some bearing on the limits of possible 
irrigation without violent reaction m other directions The 
reason for Uus is, that widi the exception of a negligible amount 
of plutonic Viatcr stolen from tlie deeper crust, all the water 
xised for irrigation purposes ultimately comes from the skj 
Retunung to our question, we may first note that if it means 
exaeily what it says, tlic answer must be *no For 3/4ths 
of the Earth s surface is water, and the precipitation over tins 
area is probably less than over the remaining land quarter To 
equalize the rainfall over the entire surface tlicrcforc would 
mean diminishing the already apparently msufficient amount 
which falls on the land surficc, consequently there would be 
not less but more desert If however we mean by the question 
a more equal dutnbution over the Ivti of the rarnfall already 
enjoyed by the land, it is impossible to give a categorical 
answer 

We have already seen tJiat there is a serious deficit of ram 
over a/sths of the land surface, rendering it unfit for agn 
culture Not less than iz nulhon square miles comes under this 
head The remaining lo nulhon square miles of desert land is 
too cold or too salt or too wet for agriculture Excess of ram — 
as on the west coasts of Scotland and Ireland — is as mimical to 
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agriculture as is a deficit; it gi\cs nse to bogs, swamps and 
marshes. Fa\\cett‘ suggests that rainfall is excessive and liarm- 
ful to agriculture if it exceeds the following amounts: 

In cool temperate lands 50 inches per annum 
„warm „ „ 80 „ ,, „ 

„ hot „ „ too „ „ „ 

This last figure seems rather low- There arc many places in 
Eastern India, for example, where nee is cultivated although the 
annual rainfall is considerably in excess of 100 indies. But the 
areas concerned arc negligible compared willi the vast areas 
under rice where the rainfall is 75-90 inches, and Faivcctt’s 
figure IS pcrliaps justified. 

But in the tropical and sub-tropical belts the optimum rainfall 
is probably not far from the maximum, at least for rice, by 
reason of the great amount of evaporation and, m many places, 
of percolation and run-off. It would be dangerous to assume 
tliat in the tropics at any rate a 50-mch rainfall would serv’e as 
well as a loo-mch rainfall simply because with the latter we 
obsen e a heav}’ run-olT Unless rainfall is both heavy and con* 
tinuoiis, giving an almost saturated atmosphere, which prevails 
throughout most of the year, tropical ev ergreen rain forest 
could not exist. It would be replaced by a lower grade type of 
vegetation, with unforeseeable consequences. 

But run-off and percolation arc not wasted in mountainous 
regions, where the rainfall is often too lugh for agriculture. 
Tliey give rise to streams and springs which irrigate crops lower 
dov\7i. Eventually the apparently surplus water finds its way 
to rivers, or to the plains, where it supplies wells To diminish 
the water supply to rivers by 50 per cent would have serious 
consequences, interfering with navigation (and thereby with 
distribution) and causing river blocks and, paradoxically, , 
floods, due to lack of suffident water to flush the channel. 

TIic changes which can be brought about by altering the 
volume of a river is well iliustrated by the Tarim which 
•Professor C. B F»wce«, Cngrt^hieoi Jaamal , December 1930 
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fonnexl> reached Lop Nor So much \vatcr is draim off the 
upper course for irrigation that to-day the Tanm loses itself in 
the sands of the Taklamakan Desert west of Lop Nor As a 
result man) \aUages ha\ c had to be abandoned 

On the \N hole it u ould appear that to rcdistnbute the rainfall 
more c\cnl) o\er the land surface without increasing it, might 
mercl) result m robbing Peter to pa) Paul Perhaps it would 
dimmish the desert area, but at tlic same time it might easily 
reduce the habitabiht) of desirable land and produce near- 
desert elsewhere ^Sliatevcr good, or harm, it did it would 
compictcl) change the human pattern of the globe 

We must not forget however tliat much ram falls o\er the 
sea and is completely wasted It circulates from h)drosphere 
to atmosphere and back again without ever touching the litho- 
sphere If this not inconsiderable fraction of the total rainfall 
could be dn erted to the land surface, tlic answ er to our question 
might be ‘\cs’ 

As alcead) remarked the matter is of more than academic 
interest, for although it is not possible to increase or diminish 
the rainfall to an) appreciable extent, such an inquny does 
underline the fact that almost all water used for irngation comes 
from the sky If ramfaU over deserts cannot be increased, the 
engmeer has a remedy in rivers and lakes, or artificial reserv oirs, 
with -flood control by means of dams and other works But for 
the reasons giv en the suppi) of available water is still limited b) 
the total land surface rainfall, and it seems probable not only 
that there is insufficient to give all desert land a supply^ equiva 
lent to Faw cett’s minimum rainfall figures for agncultural land, 
but aUo that not much more desert can be irrigated without 
revolutionmng the world vegetation and hence the worlds 
agncultural pattern 

Compared with deserts, moimtains, plains and ev en nv ers are 
stable fixtures ^Ve know that they also are undergoing change 
all the time But they do not ame, or disappear, m the coune 
of a few millenniums, as dcsertado Deserts which lookmfimtely 
old are often geologically youthful Considerable areas in South 
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agnciilturc as is a deficit, it gives nsc to bogs, siramps and 
marshes Fawcett* suggests that rainfall is excessive and harm 
ful to agriculture if it exceeds the following amounts 

In cool temperate lands 50 inches per annum 
,, warm „ „ 80 „ „ „ 

> »* »» *00 „ „ „ 

Thi^ last figure seems rather low There arc many places m 
Eastern India, for example, where nee is cultivated although the 
annual rainfall is considerably in excess of 100 inches But the 
areas concerned arc negligible compared with the vast areas 
under rice where the rainfall is 7590 inches, and Fawcetts 
figure is perhaps justified 

But in the tropical and sub tropical belts the optimum rainfall 
IS probably not far from the maximum at least for nee, by 
reason of the great amount of evaporation and, in many places, 
of percolation and run off It would be dangerous to assume 
that m the tropics at any rate a 50 inch rainfall would serve as 
well as a 100 inch rainfall simply because with the latter we 
obscnc a heavy runoff Unless rainfall is both heavy and con- 
tinuous, giving an almost saturated atmosphere, ivhich prevails 
throughout most of the year, tropical evergreen ram forest 
could not exist It would be replaced by a lower grade type of 
vegetation, with unforeseeable consequences 
But run olT and percolation arc not wasted m mountainous 
regions, where the rainfall is often too high for agriculture 
They give nsc to streams and springs which irrigate crops lower 
down Eventually the apparently surplus water finds its wiy 
to nvers, or to the plains, where it supplies wells To dimmish 
the water supply to rivers by 50 per cent would have senous 
consequences, mterfenng with navigation (and thereby wath 
distnbution) and causing nver blocks and, paradoxically, 
floods, due to lack of suflicient water to flush the channel 
Tlie changes winch can be brought about bv altering the 
volume of a nver is well illustrated by the Tanm w'lncJi 
•ProfcsiorC B Fawertt Crosnfibeal Journal December Jjjo 
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invention of irrigation is ascribed to Babylon somewhere about 
4000 B G Later, owing to wars and to neglect, the canal system 
fell to rum 

Some of the smaller desert regions of the world to day are the 
result of man’s misguided activity, others are due to his neglect 
There has been no change of climate, only a loss of soil fertility 
Parts of the Middle West m the USA (the ‘dust bowl ) and of 
the loess regions m North Western China are examples of man- 
made deserts in regions of precarious rainfall It is easy to tip 
the scale from just enough water to sustain one type of vegeta 
tion to not quite enough, resulting m a complete change in the 
type of vegetation, necessarily a degradation, as from forest to 
scrub or from scrub to poor grass, and so to desert Nor is the 
action reversible withm any foreseeable time Man s reckless 
activities can set in motion changes of which it is difRcult to 
foresee the end, and in a big way so also can nature 

That m some parts of the world aridity is slowly increasing is 
suggested by the drying up of lakes, as in Tibet This might 
indicate a progressive desiccation, a continued excess of evapora 
tion over precipicatioo Tor though the cbmate of Tibet is cold, 
the low pressure greatly increases evaporation But there is no 
reason to think that the Earth as a whole is drying up, still less 
that there has been any great change of climate anywhere m 
the world during the histone period With a/sths of the land 
surface already too and any great extension of the Earth’s 
deserts would have the most senous results for manJund 

It IS questionable however whether the gradual desiccation of 
even a large tract of country would set a new wave of migration 
m motion Such migration ‘waves of which there is evidence 
are much more likely to have been gradual, and to hive con 
sisted of small bodies of men moving on intermittently through 
long penods of time We have nevertheless to account for the 
fact that men were filtenng slowly into South East Asia at least 
two thousand years ago and probably long before that. But 
why should they have moved into the almost impenetrable 
jungles which must have covered the plains and still more tlie 
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Africa and America ]i3\c )>ccomc drtcrt, in ihc seme tliat ihcj’ 
V. ill no loin'cr supjKjti nnn, mtiuii a fc^v decade* tljiousJj nun’s 
mupuidcd actnjtic^. 'n»c> arc dwrt, noi became of drought, 
but because c\cr> scrap of soil has been torn from tlicm. 'Ihe 
same cnerg)', ngbtl) d>ret.tctl, h.u converted desert into fields 
within an c\cn iliorlcr i>en«L 

Nor are tlic changes brought about by human activities con- 
fined to tlic immevliate orc.i; the clTccts may lie vvideapread. 
For example unltw stqis arc laVcn soon to change the mcUiods' 
of cultivation on India’s North-Easi Frontier, In Assam and 
Burma, u is probable that within the ucxl century many fertile 
valfej-s will become arid gorges, incapable of supporting any 
population at all, and almost devoid of vegetation, while Uie 
Bralimaputra, Chindwin and Irrawaddy may become un- 
navigabie, their lower course* penodicjlly subject toduaitroia 
floods. I.ocal changes of climate so brought aliout may start 
other rlungc* in ever uidenm^ circies of action and reaclion. 

During liie glacial age, pcrliaps.'U recently as jo,ooo or 15,000 
>cars ago, the Saliara was covered with grass, and was perhaps 
not unlike the Russian steppe to-day; at lltc same time the plain 
of northern Europe w-as tundra. Tlie reason for this was that 
the southern advance of the polar kc cap pushed the belt of 
westerly winds from the Atlantic southwards, bringing ample 
rain to the Mediterranean basin and to North Africa. It must . 
not be infcrrevl however that so profound a cause w-ould aliiap 
be followed by so simple an effect a* a mere shift of climate to 
degrees or 15 degrees in one direction; nor v>as the shift of the 
belt of westerlies accompanied by an equal southerly shift of 
the present arid belt. TJic desert in fact had no cxbtcncc during 
the glacial age, and in the tropical belt of Africa alternate 
pluvl.1l and drj' periods correspond with tlic glacial and intcr- 
ghacial periods of the nortli temperate region (Le.vkcy). fnifc, 
now a desert'Tcgion in spile of a fertile soil, was tlic granary 
of die ancient world. Great cities, Ikibylon, Ninevcli and Ur, 
thanks to a sj-stem of irrigation canals flourished bctHcca Tigris 
and Euphrates wli^ now the country is barren. Indeed die 
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But Uiough man Avas alrcndy marked out into races long 
before he lived in the desert, the remains of ancient cultures, 
buned cities and abandoned sites, going back at least 5000 
)ears, have been found m most of the old world-deserts One 
naturally asks v\h> were these places abandoned unless because 
of a change of climate, an increasing dryness’ However, the 
regions vvhcTe iliese remains are found nre stiU occupied, and 
local or temporary alterations of climate such as are continually 
occurrmg all over the world might account for an area being 
abandoned Oases too might change their position A shift of 
100 miles in Central Asia would not be very much, and the 
Tanm nver might easily increase or dimmish that amount in 
lengtli dunng a succession of wet or dr> > ears At any rate there 
seems to be no convincing evidence Uiat the climate of Central 
Asia has appreciably altered dunng the last 6000 or 7000 years, 
although much depends upon the interpretation of the evidence 
One reason why the desert has left no distinguisliing mark 
upon man is that very few deserts are to-day occupied by their 
onginil inhabitants The Australians may be real abongines, 
so may be some of the Arab and Negro tnbes In the cold 
desert regions, the Eskimo tnbes are probably the original 
invaders The Australian black man and the Kalahan bush 
man no doubt owe tlieir very survival to the fact that the/ live 
in the desert, though they have notiung in common Similanty 
of environment has brought about no similanty oF feature, 
colour or any oilier character which serves to distinguish one 
race from another No man would choose to live m a desert if 
he could help it >Vhenev er we find apopulationhving in a desert 
or near desert region, we may be sure that it was cither driven 
into the wilderness fromsomemore fertile region by competition, 
or that the population itself has made the desert TIus may of 
courseaccount for some of themigrations in Central Asia Desert 
conditions can be produced without any change of climate 
It is worth noting that the cold deserts of the world are being 
invaded more and more by the white races, thanks to tlie breed- 
ing of wheat which will ripen within 90 days Botli in Canada 
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mountains of tropical Asia, unless the regions from svhich tlic} 
cnnic could no longer support tlicin’ If it «as not climatic 
cliangc which dro\c them on wlnt was it’ Possibly thepressure 
of population behind them Ihc land whicli bore Uicni mav 
ha\e been not loo irid but toofcrtile' lonn ignculturalnolcss 
than for a pastoral people, grassland and parkland arcprcfcrablc 
to jungle, whicli indeed can nc\cr support a pastoral people 

\\liilc deserts arc being tmgaicd and cultivated in one region 
they arc being created and cxtcndctl in others by ruthless de- 
forestation, over cultivation and over graring Desert is never 
very far from our doors Even in Bntaiii two consecutive 
summer droughts can so lower the water table that a partial 
failure of crops results 

No other feature of the land surface has had a greater influ 
ence on man llian the desert It has kept apart different races, 
and protected the weaker Few of the great doerts had been 
crossed by Europeans before the ninetccndi century , the empty 
quarter of Arabia was not crossed till the twentieth ceniur) 
But deserts are no longer such senous obstacles as they were 
formerly To-day man can fly over them, and the motor car 
can go where nun and beast would pensh Nevertheless, they 
are still m a military sense formidable obstncles, just as they 
were to Alexander twenty three centuries ago 

Every desert region has its own peculiar fauna and flora. 
However, desert vegetation, from whatever part of die world it 
comes, has a certain appearance which stamps it as of the desert 
The same cannot be said ofdcscrt man, and it appears that man 
has not occupied the and lands long enough for the desert to 
have left any special mark on him ^\hat could be more 
different than the Badoum and the Australian abongme' 
This alone would seem to be good evidence for deserts being 
geologically modem, although if that is so, it is difficult to see 
how desert vegetation came to be so well adapted, and along 
the same general Imcs, the world over' \forphological cliange 
in the vegetable kingdom must have taken place rather 
rapidly without any great change of floral structure 
88 



RIVERS 


Vfz have seen that no sooner docs land appear, and air, sea 
and land come into collision, than, under the influence of the 
sun’s heat, atmosphere and hydrosphere assault it. The land 
suffers. So long as there was no land, comparative peace 
reigned. Even the tides had nothing to do except nse and fall. 
Crustbelow the looo fathom line suffered not even a sea change, 
for neither tide nor currents have any appreciable eficct at that 
depth. Energy derived from the sun’s heat varying from 
equator to poles, and disturbed only by tlie rotation of the 
earth, kept currents gently moving in the outer shells; but it 
needed the presence of solid matter to gear up the machine. 
Thereafter a much more serious inequality of heating took 
place, and quickly made itself felt. 

The first land raised from the sea floor ^vas raw crust; and no 
doubt the crust was a good deal thinner and certainly raiver 
then than it is to-day. Noiv after the lapse of a thousand million 
years or more any new land raised up is probably coastal shelf, 
that is, previously droivned land, or else volcanic. Also the 
present continents have to be sustained, since ^ve know tliat 
they are being continuously worn down by rivers and weather. 
The crust was no doubt originally forced up in the form of 
mountains. But since the first sedimentary ro(^ were laid down 
it has been uplifted also as plains and plateaux. No sooner does 
land rise above the sea than it attracts cloud, or more accurately, 
cloud condenses round it, rain falls and tlic first rivers arc 
born. 

It is obvious then tliat mountains, plains — some plains at 
any rate — and rivers are primary geographical features. Many 
otlicr land forms, such as vallc>'s, gorges, I.-ike basins, deserts, 
are secondary or derived features. I propose here to discuss a 
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and in Siberia agriculture has advanced nordnvardr far beyond 
llic point where it stopped in tlie ntnctccntJi century’. But it 
cannot move northward indcfinitclyr and the limit somcsvlicre 
souUi of die July isotherm of 50* F. has probably been reached. 
In the same w ay drought*rc$istant crops hav e been introduced 
into Australia and have pushed back the fringe of the desert 
where irrigation has proved impossible. 

But though deserts hav c always formed an impassable barricf 
against large-scale migration, tlicy have rarely formed a barrier 
to small parucs of men and animals wishing to cross them- The 
Australian desert was never crossed because Australia had no 
mammals; and Uie American and Soulli African deserts were 
probably never crossed owing to the absence of the camel. But 
all die old-world deserts were crossed again and again. Besides, 
men could move round or parallel to diem. Real desert how- 
ever has never supported any population and large areas in 
North Africa, Arabia, Central Asia and Tibet have no popula- 
tion to-day. Tlie migrations of peoples in Asia and Africa have 
always been round the edges of the desert. 

The onset of desert conditions is lOmeUmes gradual through 
transition soncs, arid, near-desert to complete dttert. But it is 
often abrupt as when a desert begins 00 the sea coast or a range 
of mountains intercepts the rain-bearing winds, giving vegeta- 
tion on the windward slope and desert on the lee slope: the best 
example of this is die Himalaya, which stops the south-west 
monsoon. ^Vhe^ one crosses the Himalaya into Hbct fmm 
Assam, Bhutan or Sikkim, the contrast on nortli and south sidts 
of the passes from forest to senu-desert Is startlingly abrupt- 

During the next decade the question of deserts and irrigation, 
of increasing the world’s food supply, is likely to come to the 
fore. The spectre of world famine on an unprecedented 
hovers in the background. The geographer is not concerned 
with economics, but he cannot altogether ignore its implica- 
tions. He can help the planner, but only if the planner wiU 
listen to his advice and weigh his evidence fairly against Jus own 
tlieoretical panaceas. 
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being upset and as slowly readjusting itself, so that no violent 
movements are set up, unless over a ver> limited area But if 
we imagine a great and steady increase m the land area, a stage 
might eventually be reached when there was not so to speak 
enough sea to maintain itself as sea Evaporation, due to the 
hot air rising off the land, might become so great, currents so 
turbulent, that practically all the water of the cartli could exist 
only m the form of vapour, with possibly a number of nvers 
flowing through deserts and, like the Tanm, losing themselves 
in the sands or ending in large salt lakes like the Caspian Sea, 
scattered over the surface and ever dwindling m area imdcr the 
sun’s heat 

Fortunately our Earth started with such an ample supply of 
water that even supposing the atmosphere to be everywhere 
and nlwaj’s saturated, it could not at present temperatures 
absorb more than a small fraction of the hydrosphere. More- 
over, were It possible for the atmosphere everywhere to be 
always fully saturated — and as long as there is botli land and 
sea with consequent unequal heating that is impossible — the 
only result would be constant ram with the production of more 
nvers The Earth would be surrounded by a perpetual mist 
bath, forming a sort of extra shell The onl> way m which tJie 
Earili could absorb the entire sea would be for the crust and 
sub crust to take it up 

Ivor arc the visible seas and nvers the total circulating water 
on the Earth’s surface A vast but unknown quantity circulates, 
as we have already noted, underground, not in the core where 
It could not exist, but in the crust. There is then no probability 
of the Earth drying up, as the moon has dried up, no danger of 
Its gaseous shell flying off into space, taking with it all water 
t as has happened apparently on the moon For the moon 

1 IS no atmosphere — hcncc no ‘weather’ 

Let us return to actual nvers 

Gazetteers usually hst a few of the world’s longest nvers, and 
'^*4* V Vv 1 til such names as Mississippi, Nile, Amazon 

®nd langtzc Kiang because of their great length But length 
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few prominent geographical features, both primary arid 
secondary, in rather more detail. Let ns therefore begin with 
nvprs. ° 


^Vjth tlie emergence of land rain begins to fall and rivers arc 
om, no sooner do rivers begin to flow than the distribution 
and shape of the land begins to change. Of the many forces 
uhich work upon the face of the land, rivers arc the most 
powerful. In course of time they shift large chunks of the Earth’s 
crust irom one part of the surface to another. This redistribu- 
lon o weight may, even after the lapse of millions of yean, be 
too insigmficant to affect the balance of the Earth as a whole, 
but It certainly produces local cffecu. Through the long ages 
aunng which nvers have flowed over the land surface, not only 
as agrMt deal of crust suffered demolition and the debris been 
removed, but it has been reconstructed elsewhere. This lias 
lappencd again and again, often using the same materials 
several times over. Land has appeared, has been destroyed, 
returned to stock for alteration and repairs, to reappear in , 
brand new form ebewhere. . 

^ The total volume of moving water in the rivers of the ivorld^ 
IS enormous. There are more than fifty riven one thousand or 
more miles in Icngtli. Thb water is working and bringing 
about changes all the time. In the course of ages, the changes 

wrought are incalculable. 

more land than there is — say twice the area,- 
thcre might be more and even larger rivers than exist to-day; ' 
but that is by no means certain. There w'ould inevitably be 
more desert — imlcss tlie eixtni land was scattered in the form 
of large islands over the Atlantic and Pacific oceans. ^Vhat'thc 
effect of that- would be in altering the direction and intensity 
of currents, no man can say. Rivers and deserts depend on 
climate, and clwate depends largely on sea and air currents. 
More exactly, ^imate depends on a certain uneasy balance - 
between land aild sea, which is continuously though slowly- 
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being upset and as slowly readjusting itself, so that no violent 
movements are set up, unless over a very limited area But if 
we imagine a great and steady increase in the land area, a stage 
might eventually be reached when there was not so to speak 
enough sea to maintain itself as sea Evaporation, due to the 
hot air rising off the land, might become so great, currents so 
turbulent, that practically all the water of the earth could exist 
only in the form of vapour, with possibly a number of nvers 
flowing through deserts and, like the Tanm, losing themselves 
m the sands or ending m large salt lakes like the Caspian Sea, 
scattered over the surface and ever dwindling in area under the 
sun‘s heat 

Fortunately our Earth started with such an ample supply of 
water that even supposing the atmosphere to be everywhere 
and always saturated, it could not at present temperatures 
absorb more than a small fraction of the hydrosphere. More- 
over, were It possible for the airaosphete everywhere to be 
always fully saturated — and as long as there is both land and 
sea with consequent unequal heating that is impossible -- the 
only result would be constant ram with the production of more 
ri\ ers The Earth w ould be surrounded by a perpetual mist 
bath, forming a sort of extra shell The only way m which tlie 
Earth could absorb the entire sea would be for the crust and 
sub crust to take it up 

Nor arc the visible seas and nveis the total circulating water 
on the Earth’s surface A vast but unknown quantity circulates, 
as we liave already noted, underground, not m the core where 
It could not exist, but in the crust. There is then no probability 
of the Earth drying up, as the moon has dned up, no danger of 
Its gaseous shell flying off into space, taking with it all water 
vapour, as has happened apparently on the moon For the moon 
has no atmosphere — hence no ‘weather’ 

Let us return to actual nvers 

Gazetteers usually list a few of Uie world s longest m ers, and 
wc are all familiar with such names as Mississippi, Nile, Amazon 
and Yangtze Kiang because of their great length But length 
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few prominent geographical features, Both primary and 
secondary, m rather more detail Let us therefore begin inlh 
nvers “ 


With the cmci^ence of lind ram begins to fall and rivers arc 
bom, no sooner do nvers begin to flow than the distribution 
nnd shape of the land begins to cliange Of the many forces 
a^hich ivork upon the face of the land, nvers are the most 
powerful In coune of time thc> shift large chunks of the Earth’s 
crust from one part of the surface to another Tins rcdistribu 
Uon of weight may, even after the lapse of millions of >cars, be 
too insignificant to affect the balance of the Eardi as a whole, 
but It certainly produces local effects Through die long ages 
unng which nvers have flowed over the land surface, not onl> 
has a great deal of crust suffered demolition and the debris been 
removed, but it has been reconstructed elsewhere This has 
happened again and again, often using tlie same mateniU 
several times over Land has appeared, has been destroyed, 
returned to stock for alteration and repairs, to reappear m 
brand new form elsewhere 

The total volume of moving water in the rivers of the world 
IS enormous There are more than fifty nvers one diousand or 
more miles m length This water is working and bringing 
about changes all die time In the course of ages, the changes 
wrought are incalculable 

If there were more land dian there is — say twice the area, 
there might be more and even larger rivers than exist to-da), 
but that IS fay no means certain There would inevntably be 
more desert — unless the extra land was scattered in the form 
of large islands over the AtlanUc and Pacific oceans W’hat the 
effect of that would be in altering the dirccuon and intensity 
of currents, nO man can say Rivers and deserts depend on 
climate, and cl^atc depends largely on sea and air currents 
More exactly, olirnatc depends on a certain uneasy balance 
between land ai\d sea, which is continuously diough slowly 
9 * 
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north, ululc to the ^vcst lay impassable mountains For long 
the onl) route into tlic heart of Giitna lay up the Yangtze 
n\cr The I^n^vaddy and Mekong arc otlicr examples In 
mountainous New Guinea both the FI> and the Scpik offer 
possible routes into the interior, tshich for so long defied 
explorers 

We have already observed that no two nvers are alike How- 
ever tlicj may be roughly classified m two groups, tliosc of each 
group having some features in common Thus we may recognize 
waters arc denved entirely from rain, and those 
which receive much of tlicir water from glaciers Alternatively 
have the nven of a monsoon climate, like those of South- 
East Asia, wath its heavy summer rainfall, secondly those of 
temperate chmates which receive most of their flood water in 
'vantcr, and lastly Arctic nvers which arc largely frozen over m 
Winter What proportion of the ram which falls wathin its 
catchment area finds its way to tlicsea— that is the nin-ofT— 
vanes greatly Evaporation percolation, and the needs of 
' egctation absorb much of the ram Evaporation m a hot dry 
climate may be so great that the nver never reaches the sea at 
all, or even a lake The Nile flows for 1500 miles through a hot 
rainless desert, but already contains so great a volume of water 
"hen It enten the desert region that it is able to keep its channel 
open and reach the sea even during the low water season The 
anm, on the other hand, though 1500 miles long, does not 
even empty itself into a lake, it dwandles, dnes up and loses 
Itself in the thirsty sands of ic Taklamakan Desert Tliis is 
partly due to the loss of water in its upper course drawn off for 
^ngauon, but mainly to evaporation and percolation The Syr 
and Amu Darya, two other rivers of and Central Asia, 
c^h T500 miles m length, reach the great inland Sea of Aral, 
w eh IS Itself drying up Thus a nver which flows for a long 
tance through deserts may disappear like the Tanm, or lose 
• elf m salt lakes like some of the South Australian nv ers, or 
even reach the sea as the Nile does But it is bound to lose a vast 
quantity of water by evaporation Many small Andinc rivers 
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1$ pcrJnps the Icnit signifiont, the mmt uninlcrcshng feature 
of 1 mcr llic geognpher, sune^ing the world, finds no two 
rivers alike cxcqit perhaps in IcngtJi Each must be studied 
apart, although of course » is an a dvaintagc to know somcilung 
about the work and charactcnstics of rivers in general before 
intensively studying one mcr in particular 

To pnmilivc man, riven must have been something of an 
obstacle Arrived at a big mcr, a wandering trilic no doubt 
movcil up or dovsai stream and made no attempt to cross it 
In time it supphctl the tribe with food, bc<jdcs afibrdirg 
likely camping places along its banks In hilly dutnets, caics 
are assoaaied with men particularly m tJic chalk lulls of 
Europe, as for instance in the Somme Valley, and for thou 
sands of y can early man in Europe liv ed m such cav cs, abov e a 
nver 

The nett part play ed by m cn in the Justory of man w as do 
doubt as a means of communication, Uiough Uiey do not seem 
to hav c been deliberately used for this purTXisc until much later 
Man vised nver valleys as die line of least resistance But 
different tubes, often mutually hostile, settled along die banks, 
and there could have been only infrequent comings and goings 
Later he built boats and navigated Uic nvers To this day 
different tnbca havang little or no communication with one 
mother inhabit particular stretches of m en hie the Amazon 
and Onnoco But in course of time men no doubt followed 
rivers up towards the lugh pastures, and down to tlic «ca, 
seeking new «cttlcmcnt 5 

In many parts of die wasrid, notably m Africa, nv ers offer tlic 
only practicable routes into the intenor of the continent The 
reason why Africa for so long remained die Dark Continent vv-tu 
that nobody thought of trying to sail up its nv ers, or if they did 

try, tbcyfcilcd ^carl> all Afneanm ers, rising on, the plateau, 

arebrokcA not far from their mouths by rapids For 3000 years 
men sailedWound the Afnean continent without finding 
of ingress Though botli Niger and Congo afforded possib « 
routes to thq intenor Similarly Cluna was prot*;ctcd on the 



RIVI RS 


on the outidc of i bend, adding land on the inside This gnes 
nsc to disputes about tlic owTicnhip of land, and sometimes 
concerning the rcsponsibiht) for losses incurred Thus nvers 
do not make good international frontiers although often popu- 
larl> regarded as ‘natural’ frontiers 

Rivers are in the first place destroyers of land, but at the 
same time they arc also instrumental in changing new lands for 
old, though they could not do this witliout other help Their 
tendency is to lc\cl out mountains, to plane doun tlic world to 
a uniform dead lead, and this feat they uould m time accom- 
plish— ^vould long ago have accomplished, but for the forces 
in opposition, tending to uplift the land 

As v\c know, the sea could quite casil) suallou up all tlic land 
d tlierc were any means of transporting it to the great ocean 
basins, and dumping it tlierc But it is very doubtful whether 
nvers ever transport silt more than 200 or 300 miles from the 
coast, they unload and spread it on tlie continental shelf, in 
shallow water AH ebe remaining static, the shelf would m 
time become land, a flat plain or swamp, and tJicn perhaps the 
advancing nver might transport silt a further step from tJie 
shelf s seaward edge towards tlie deep basin Itmig^f But it is 
more probable that it would only form a vast area of deltaic 
swamp, not unlike tlic Sunderbans to-day, and there lose so 
much water by evaporation that tlic further transport of silt 
would be impossible No doubt a state of equihbnum between 
redistribution ofland and c\ aporation of the nver water would 
be reached long before all the land could be carried far out to 
sea, though not perhaps before it had all been planed down to 
n unifonn level 

A n\ er IS, from this point of view, simply a remov al agency 
But from another point of view it is also a rcpainng agency It 
■refrahes the old land each year by spreading a layer of fertile 
silt over Its flood plain, thus rejuvenating the exhausted soil A 
nver also irrigates its delta, subdividing to cover an extensive 
tract of country Thus on the plains of Lower Burma, Siam and 
other coyntnes, a stnp of evergreen forest will mark tlic line of 
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lose acmsclscs in tiic snanips, deserts and salt lakes of Bolivia 
and rcni. 

Rivers uhich ha\e thdr source among glaciers, or which 
contain a large amount of snow water, show a big rise in spring 
and earl> summer, due to the melting of the sno\v3. The Hima- 
layan and Tibetan rivers, Indus, Ganges. Brahmaputra, and the 
nven of South-East Asia, Irrawaddy, Salween and hlekongall 
have their sources amongst glaciers and show this spring rise, 
fiut with the exception of the Indus, which flow^ mostly through 
and country with only a small rainfall, the first rise due to 
snovv-melt at the source is concealed later by an equally large 
nse due to the monsoon rams which drench their middle and 
lower courses. This spnng-summcr rise on the Irrawaddy, a 
nver only about 1500 miles long, but with a great volume of 
water, is verj conspicuous The headwaters of the Irrawaddy 
nse ^ong many small glaciers and snow beds on the Tibetan 
and Chinese frontiers, a region of exceptionally heavy snowfall 
down to gooo feet altitude— the average height of the moun- 
tains at the sources of the Irrawaddy is 12,000-14,000 feet. The 
snow begins to melt in March, and the river at oaee begins to 
me. In May or June tlic monsoon breaks, and the rise caused 
bysnow-melt is immediately increased by that because of heavy 
rainfall. Both sources are cut off during the winter so that the 
deference betivecn high and low water is very marked. At 
andno, 900 miles from the sea, it averages 30 feet. The NUc at 
riveO nses 23 feet — its annual rise and fall has been recorded 
seekirPp years. 

In movers which fiood heavily — as most rivers do — arc 
only pn change their couisc, with disastrous results. In 1852 
reason viw River of China changed its course at a point 30® 
that nobn the sea, flowing north-cast instead of south-east, its 
tr>’, they h beiiig 300 miles from the old mouth. This was per- 
are brokeKtreme casci Many of the great rivers of Southern 
men sailecvcr, inundate tlie low-lying plains at frequent inter- 
of ingress, 'rc is alwa >'5 the danger of a permanent change of 
routes to thi rivers arc perpetually cutting away their banks 
96 



AliOUt THIS EAR! H 

forl'ff '^iir '<>'■<31 The evergreen 
forat . able to m,.ntvm melfthroughout the hotreason, tlTankj 
to ivater supplied to tlie soil by the strcim 

sum-rS '>""'3 -and doubtless 

sulTcrcd many disasters in countnes sihere the nvers nse 30 

?r “"“"■-.".me imgation It is 

noteworUi) that the first river vallc)-! to be settled svete situated 
m almost rainless country, here irrigation si as absolutel) neces- 
sa^ to maintain life Imgauon therefore is one of the most 
ancient usm to svhich ns eis svere put, but only a fesv nveis. such 
Amu Uarya, S)r Darya, Tanm 
and Indus. Oossang tlirough deserts nounshed tliesc early 
civilisations Many ingenious simple machines sserc con- 
""""■ 'rom tlic riser to the top of the 
high bank and dtitnbute it to the fields Some of them, such 
. '"““■'o'lls of IS estem China, the 

ivater SUed sluits dragged up by bulloeb in India and othets 
are in uie to*<lay 

For at leait Gooo yean man has Jcno\'m the value ofnvers for 
and annual fertjlnauon of the soil 
And for nearly as long he has made use of nvers for purposes 
of trade ISot till the nmctccnth century did he realize that they 
had another use — as a source of power 
Dunng the last hundred yean man has begun to study ri\ ers 
closely in all parts of the orld, and at all seasons He has come 
to rcalue that nvers arc tooiircsponsiblc, too irregular and un- 
predictable in Uicir actions, too violent m temper and too in- 
constant to be trusted To get the best out of them they need 
to be harnessed and controlled, and not only for that, but ev cn 
more in order to curb ihcir ferocity and prevent the enormous 
damage they a/e capable of inflicung They need to be held m 
leash that their strength may be conserved and used to good 
purpose The tremendous importance of its nvers, not only to 
an agricultural, but abo to an industnal state, is beginmng to 
dawn on man In the future, states which control great nvers 
wiU start with an incalculable advantage To say that future 
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wars may be Avaged for such control is only to utter a timely 
wammg 

On the other hand rivers like the Hwang Ho and the 
Yangtze, the Ganges and Brahmaputra, and others, which are 
or can be a scourge to mankind should obviously be brought 
under control At present political difficulties arise when a 
nver flows through several mdependent states, for action taken 
in one state may adversely affect the use of the nver above and 
below Unless all share alike in tlic benefits trouble is bound 
to anse 

Before a big river can be successfully harnessed, it needs to 
be watched and intensively studied, on the plains at least, 
dunng a complete cycle, which may be thing from 30 to 50 
years Very feiv nvers have been studied for anything like 50 
years But Amenca has shown what nver control really means, 
and what it can do The Tennessee Valley Association has won 
a world wide reputation In the words of the late President 
Roosevelt ‘TheTVA isaCorporationchargedwiththepowcrs 
of Government whose chief terms of reference are flood control, 
power (h>dro-cIectnc), reduction of sod erosion, navigation 
water storage and irngation ’ In thirty years the T V A has 
transformed the Tennessee Valley from one of the most back 
ward to one of the most prosperous, happy and go ahead dis 
tncts in the USA Twenty five years ago the inhabitants, 
subject to calamitous floods, poverty stneken and wretched, 
numbered fewer than one million To day they number more 
than hvo and a half million The T V A concerns itself with 
regional planning on a bold scale — what to-da^ would be 
called Reconstruction It now holds together and conserves all 
natural resources, controls soil erosion (thereby maintaining 
fertility and preventmg floods), preserves wild life, keeps open 
the nver channel for navigation, lessens pollution, looks after 
fishenes, distnbutcs and produces cheap power A big pro- 
gramme indeed and a model for other countnes Yet it is clear 
that tins IS only a small expenment in control of the worlds 
nvers When rivers like the Amazon, Yangtze, Hwang Ho, 
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each channel m a region of deciduous forest The nergreen 
forest IS able to mamtiin itself Uiroughout the hot season, thanb 
to water supplied to the soil b) the stream 

After man had settled along their banks — and doubtless 
suffered many disastcn m countries where Uie nven nsc 30 
or 40 feel dunng the rainy season — came imgation It « 
noteworthy Unt the first mcrvallc)s to be settled were situated 
in almost rainless country, here imgauon was absolutel) ncccs 
sary to maintain life Irrigation therefore is one of the most 
ancient uses to which nven were put, but only a few rivers, such 
as Nile, Tigris, Euphrates, Amu Darya, Syr Darya, Taniu 
and Indus, flowing Uirough deserts nourished tliese early 
civilizations Many ingenious simple machines were con 
structed to lift the water from tlic river to tlie top of the 
high bank and distribute it to the fields Some of them, such 
as the Persian wheel, the treadmills of Western China, the 
water filled skins dragged up by bullocks in India and others 
are in use to-day 

For at least 6000 years man has known tlie value of rivers for 
water storage irrigation and annual fertilisation of the soil 
And for nearly as long he has made use of nvers for purposes 
of trade Not till the nineteenth century did he realize that they 
had another use — os a source of power 

Dunng the last hundred years man has begun to study nveo 
closely in all pans of die world, and at all seasons He has come 
to realize that nv ers arc too irresponsible, too irregular and un 
predictable in their actions, too violent in temper and too m 
constant to be trusted To get the best out of them they need 
to be harnessed and controlled, and not only for that, but even 
more in order to curb their ferocity and prevent the enormous 
damage they aTc capable of inflicting They need to be held m 
leash that their strength may be conserved and used to good 
purpose The tremendous importance of its nvers, not only to 
an agncuUural, but also to an industrial state, is beginmng to 
dawn on man In the future states which control great nvers 
will start with an incalculable advantage To sayr that future 
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carry all tlic flood water, although this may be partly due to 
the destruction of vegetation, especially forest, along its banks 
In the monsoon countries, before the coming of man, the banks, 
deltas and flood plains of the great rivers were covered with 
dense evergreen jungle, oHcn impenetrable, or with swamp 
jungle Early man, whose only tools were chipped stones, could 
not clear the jungle Not till he possessed metal tools could he 
do so Hence in spite of many advantages which the monsoon 
rivers offer, civilization had no cliance to develop in the 
tropics 

Once he was civilized, tlic tropics had much to offer man 
But clearly he found tiie best conditions for advancement in the 
and lands of the Middle East and of Central Asia Nor were 
the and regions of other countnes to his liking In North 
America, the poverty of animab and plants fit for domestica- 
tion may have been a deterrent, elsewhere the absence 
of sxutable nvers — or the absence of man himself The 
unique feature iti the colonization of North America is the 
success with which man has introduced domestic animals and 
plants 

As we know now — and as Herodotus more than 2200 years 
ago guessed, the reason why in this rainless region the Nile rises 
m summer is because of the melting of the snows many hundreds 
of miles away, and also because of the heavy rainfall on the 
Abyssinian highlands Elsewhere, but later than in the Middle 
r ast by perhaps 20QO years, a civilization arose in China, in the 
valley of the Hwang Ho, another region of slight rainfall with 
a hot summer and cold winter 

Broadly speaking, the behaviour of a nver depends largely on 
climatic conditions withm its catchment area, and especially on 
rainfall But a nver 3000 miles or more long is certain to pass 
through several climatic regions in each of which the conditions 
are different 

The course of a long nver, say tlic Mekong, may be con- 
veniently divided into sections as follows (1) mouth and delta, 
(n) plains section, compnsmg the navigable part and the m- 
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Congo, Ganges, Bralimaputra, Irrawaddy, Salween, Indus, 
Amur and Niger, to mention a few, arc taXen m Jiand, what 
may not the world hope for? r 

Riven are never idle They arc always at work and always 
changing, not for a year, not for a montli, not even for a day 
do they remain the same Mountains, plains, even seas arc 
relatively stable, but not nvers On a small scale, a great mcr 
has the same efTcct as the sea in modifying the climate locally 
In the hot w eathcr in Eastern India there is always a breeze — 
not ncccssanly a cool one — blow mg on the two or three mile 
vvide Brahmaputra 

River banks must have provided some of the earliest settle- 
ments for man Tired of wandenng through the forests and 
across the bitter wastes, he must have rejoiced on reaching the 
banks of a nv cr or a lake. In the Neohtluc age one of the earliest 
centresof civilization wasthclowcrvalley ofihcNlle Buteven 
earlier were the settlements in the valleys of Tigns and 
Euphrates and probably of the Indus AH these places had 
certain advantages They lay just outside the tropics in the 
present dry belt of the world, where the annual rainftH b 
scanty (5-10 m ), the summers hot and long and the wuitcis 
cool and short Almost anything will grow if it gets enough 
water, but irrigation is essential, vvitliout irrigation almost 
nothing will grow — that is, the country is semi desert 

One of the most surpnsmg things about this and region is 
that the nvers have much in common with the nvers of the 
monsoon countries — they nsc and fall many feet, summer and 
winter, but with a difference In the Middle East the nsc 
corresponds with the hot dry weather, not with the 
season as in the monsoon belt The fall occurs id the cold and 
slightly wet winter, not with the fine warm winter of the mon 
soon belt, too optimistically called the ‘cold weather . 

This rhythmic nsc and fall of the desert nvers, altcma^ Y 
flooding and exposing great areas of flat plain, allows ofpcnodic 
cultivation as on the ddtas the monsoon nveis It may he 
noted that on the plains the nver bed is never large enough M 
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carry all the flood \vater, although this may be partly due to 
Ihe destruction of vegetation, especially forest, along its banks 
In the monsoon countries, before the cormng of man, the banks, 
deltas and flood plains of the great nvers were covered with 
dense evergreen jungle, often impenetrable, or with swamp 
jungle Early man, whose only tools were chipped stones, could 
not clear the jungle Not till he possessed metal tools could he 
do so Hence in spite of many advantages which the monsoon 
rivers offer, civilization had no chance to develop m the 
tropics 

Once he was civilized, the tropics had much to offer man 
But clearly he found the best conditions for advancement in the 
and lands of the Middle East and of Central Asia Nor were 
the and regions of other countnes to his liking In North 
Amenca, tlie poverty of animals and plants fit for domestica* 
tion may have been a deterrent, elsewhere the absence 
of suitable m ers — or the absence of man himself The 
unique feature m the colonization of North America is the 
success with which man has introduced domestic animals and 
planu 

As we know now — and as Herodotus more than 2200 years 
ago guessed, the reason why in this rainless region the Nile rises 
in summer is because of the melting of the snows man> hundreds 
of miles away, and also because of the heavy rainfall on the 
Abjssmian highlands Elsewhere, but later than m the Middle 
East by perhaps 2000 years, a civilization arose in China, m tlie 
valley of the Hwang Ho, another region of slight rainfall with 
a hot summer and cold winter 

Broadly speaking, the bcliaviour of a nver depends largely on 
climatic conditions within its catchment area, and especially on 
rainfall But a nver 3000 miles or more long is certain to pass 
through several climatic regions m each of which the condiuons 
are different 

The course of a long nver, sa> the Mekong, may be con- 
veniently divided into sections as follows (i) mouth and delta, 
(u) plains section, comprising the navigable part and the in- 
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Congo, Ganges, Brahmaputra, I^ra^^addy, Salween, Indus, 
Amur and Niger, to mention a few, arc taken in hand, what 
may not the world hope for* / 

Rivers are never idle. Thej arc always at work and always 
changing, not for a year, not for a month, not e%en for a day 
do dicy remain the same Mountains, plains, esen seas are 
relatively stable, but not nvers On a small scale, a great nscr 
has the same effect as the sea in modifying the climate locally 
In the hot weather in Eastern India tlicre is always a breeze — 
not necessarily a cool one — bloss mg on the tw o or three mile 
1 ide Brahmaputra 

Rner banks must ha\c pronded some of the earliest settle* 
ments for man Tired of wandenng through the forests and 
across the bitter wastes, he must hate rejoiced on reaching the 
banks of a n\ er or a lake In the Neolithic age one of the earliest 
centres ofaiilization was the lower \ alley of the Nile But ocn 
earlier were the settlements tn the % alleys of Tigns and 
Euphrates and probably of the Indus All these places had 
certain ad\'antagc3 They lay just outside the tropics in the 
present dry belt of the world, where the annual rainfall is 
scanty (5-10 in ), the summers hot and long and the winten 
cool and short Almost anytiung wall grow if it gets enough 
water, but imgauon is essential, without imgation almost 
nothing will grow — that is, the country « semi desert. 

One of the most surprising things about this and region is 
that the nvera have much m common with the nicrs 
monsoon countnes — they rise and fall many feet, sammer anti 
winter, but with a difference In the Middle East the nsc 
corresponds with the hot dry weather, not with the 
season as m the monsoon belt Tlie fill occun m the cold an 
shghtly i\ct ivintcr, not with the fine warm svintcr of the mon 
soon belt, too optimistically called tlic 'cold weather’. 

This rhythmic nsc and fall of the desert nvcis, altcm^ ) 
flooding and eicposing great areas offiat plain, allows of pen > 
cultivation as on the deltas of the monsoon nvers It 
noted tliat QU the plains the nver bed 15 never large cnougri 
log 
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In many parts of tlic world nvcrs break through mountain 
ranges to form gorges It seems at first sight curious that a 
river should nse north of say the Himalaya and flo\v through die 
range ivhich appears to place an insuperable barrier m its way 
The popular idea of a watershed is a mountain chain with rivers 
rising on either side of it, like streams flowing doivn a pent house 
roof Peaks are supposed to stand on the more or less straight 
crest line and dominate the rivers flowing dosvn either side 
This rarely happens in nature Even when die rainfall is the 
same on either side of the range, the rivers work backwards 
from their heads, biting into the chain benveen die peaks, so 
that they come to nse behind the peaks The watershed then 
becomes zigzag 

But when the rainfliU on one side of the mountain chain is 
much greater than it is on die other, the mountains in fact 
forming a ram screen, as happens widi some of the greatest 
mountain ranges in die world, including the Himalaya and the 
Andes, the rivers on the rainward flank cut backwards more 
rapidly than those on the drier flank All the large streams 
ivluch flow down the southern face of the Himalaya nse well 
behind the line of highest peaks on die mam range Indian 
rivers like the Indus, Sudej and Brahmaputra nse m Tibet far 
behind not only the Himalaya but abo other ranges north of 
the Himalayas All of them break through the mountains in 
tremendous gorges, oiving to their power of cutting back rapidly 
by head erosion and capturing more water, thereby increasing 
their strength 

There is a startbng contrast between the gorge of the Indus 
at the nordi western end of the Himalaya, and the gorge of the 
Brahmaputra at the north eastern end Alike in many respects, 
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habited valley and flood plain above the delta; (ui) hill section, 
less thickly populated, na\'igab]e only for country boats; (iv) 
mountain section, sparsely populated, unnavigable, with rapids 
and falls; and (v) source. There may or may not be goigcs on 
the last three sections; and we may now proceed to consider 
what manner of feature these gorges are. . 



GORGES 


safer than these slit trenches’ The ranges enclosing and 
separating them culminate in snow peaks over 2 1,000 feet high 
and have all tlie appearance of narrow ranges wluch stnke 
north and soutli, that is parallel to the nvers 

Is this the correct interpretation^ Arc tilings what tliey 
seem here’ 

Now It IS ob\iQus that a great mountain range such as the 
Himalaya, -which consists not of a single range but of a number 
of more or less parallel ranges nsmg gradual!) from the plain 
to greater and greater heights, has breadth as well as height 
The breadth of the Cordillera in Ecuador is about 150 200 
miles, of the Rocky Mountains m Montana about 250 300 
nules, of tlie Himalaya practically throughout its length about 
aoo nules 

If a nver cuts a gorge 200 miles in length straight across the 
Himalaya, one sees simply a gorge crossing the axis of the mam 
range and tlie axes of its satellite ranges But if lito nvers cut 
parallel gorges close together they ^vlll sever as with a knife a 
strip of mountain from the mam range, this stnp will be 200 
miles long and say 50 miles wide, supposing the nvers to be 50 
nules apart, and it will in fact look very much like a mountain 
range 200 miles long, its stake being at right angles to tliat of 
the onginal range If three nverS behave m the same iN'ay tliere 
wll be liso parallel ranges isolated from tlie mam range and at 
right angles to it, and tlie number of nvers might be increased 
until allvisible connection between the mam (transverse) range 
and the secondary (racndional) ranges had been lost Thu 
would certainl) happen if the gap between the two ends of the 
range now occupi^ by three nvers crossing its axis, and by 
three secondary ranges abo at nght angles, exceeded a hundrevl 
miles or so, font would be impossible to link up the two ends of 
Uic mam range by eye alone Tlie only clue now as to whether 
these mcndional strips are onginal mountain uplifts or liavc 
been blocked out of the transverse cliam by nv'ers is their 
geological structure This 10 the region referred to has not yet 
been unrav died 
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the former occurs m an nrid region of \er> limited rainfall, the 
latter in one of the Mctlest regions in llic world As a result the 
cliffs of the Indus gorge arc almost bare of vegetation, certainly 
of trees, whereas those of the Brahmaputra or Tsangpo gorges 
arc covered with magnificent forests, in which grow vast 
numbers of rhododendrons of all colours 
I have necessarily oversimplified the matter in order to 
describe how gorges may he formed But mountain ranges arc 
never simple liie Himalaya for example comprises not a 
single range but a senes of parallel ranges, each rising higher 
than the one behind and separated from it by a deep valley 
Thus, starting from tlic plains v%c have fint the foothills, then 
the outer ranges, followed by tlic middle ranges, and finally the 
inner ranges culnunating in die crest line Rivers rising on the 
rainvvard fiani, that is on the Indian plains side of each separate 
range, cut backwards into the valley behind anti presently 
capture its drainage, so tJiat Himalayan nvers, in regions of 
• heavy rainfall at leaif, tend to flow for considerable distances 
cast or west parallel to the range before they turn southwards 
Thus rivers breaking across the axis of a mountain range such 
as tlie Himalaya, at right angles to tlie stnkc, lend to How in 
deep gorges, and we may reasonably ask alternatively whctlier 
the existence of a gorge is proof of tlie existence of a mountain 
range whose stnkc is at right angles to the nver Tlie question 
arises primarily in connection vviUi Uic gorges of tlie Salween 
river (as also of tlic Mekong and Yangtze Kiang, as well as oi 
several lesser rivers) on the Sino Tibetan borderland Th^c 
three riven rise over a vnde area of mountainous country far 
up on the Tibetan plateau In about latitude 32 degrees tliey 
begin to converge Between latitude 30 degrees and latitu e 
27 degrees they flow parallel to one another, for a distance 0 
200 miles within a belt of country 50 60 miles wide before le 
Yangtze turns away, the Mekong and Salween continue to 
folloiv panllel courses for another 100 miles All tlircc 
especially the Salween, flow m profound gorges In die 
world offast aircraft dropping 10 ton bombs, no place could 
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doubling back on. themselves in a confusing manner. The 
Yangtze itself makes a double hairpin bend. This would be al- 
most incomprehensible did we not know that the whole region, 
which was formerly a ‘plateau or scries of plateaux, lay under an 
ice sheet during the glacial age- The inequalities of the plateau, 
by now so deeply eroded as to leave great mountain ranges 
standing up between the valleys must then have been almost 
insignificantj they were hidden beneath a vast ice sheet. As the 
ice sheet melted, leaving behind gladers in the valleys, and as 
the glaciers themselves melted at unequal rates, a certain 
drainage pattern was fixed on the country. But as the glaciers 
began to disappear altogether and rivers more and more took 
up the work of erosion, a new pattern evolved svhich did not 
quite fit the old ice pattern, traced several thousand feet higher 
up. The present river pattern, e.g. of the upper Irrawaddy, 
seems to be a combination of tJio nvo, glacier and river drainage. 

Gorges are formed in other ways than that described above. 
The Yangtze gorges, not those just referred to but the ones 
behveen Chungking and Ichang, perhaps the best kno^vn gorges 
in the world, seem to have been formed by an uplift of the 
surrounding country persisting while the river was digging its 
bed, and at about the same speed. There are 400 miles of 
gorges here. Oclier river gorges, generally shorter, occur in 
many parts of the world. Most small rivers in mountain regions 
flow through gorges. . . • 

In North America, the gorges of tlie Columbia river and 
of the Colorado, 'are world famous; hardly less so is the 
Niagara gorge. But there is nothing to touch the great gorge 
of the Brahmaputra or Tsangpo of Tibet for dynamic scenery. 
It is the one gorge in the world where one can stand amidst 
sub-tropical forest by the river, some 5000 feet above sea- 
levcl, and gaze almost sheer upwards to see everlasting snow 
and ice 15,000 feet above; and in between, tier above tier of 
forest changing from temperate broad-leafed to conifer, from 
conifer to rhododendron scrub, to alpine, and finally to e%'er- 
lasting snow, Down bclo\v the river plunges yet deeper into 
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doubling back on themselves m 'i confusing manner The 
Yangtze itself makes a double hairpin bend This would be al- 
most incompreliensible did we not know that the whole region, 
^^htch %vas formerly a plateau or senes of plateaux, lay under an 
ice sheet during the glacial age The inequalities of the plateau, 
by now so deeply eroded as to leave great mountain ranges 
standing up between the \aHe)s must then have been almost 
insignificant, they were hidden beneath a vast icc sheet As the 
ICC sheet melted, leaving behind glaciers in the valleys, and as 
the glaciers themselves melted at unequal rates, a certain 
drainage pattern was fixed on the country But as the glaciers 
began to disappear altogether and nvers more and more took 
up the work of erosion, a new pattern evolved which did not 
quite fit the old ice pattern, traced several thousand feet higher 
up The present nver pattern, eg of the upper Irrawaddy, 
seems to be a combination of the two, glacier and nver dramage 

Gorges arc formed m other ways than that described abote 
The Yangtze gorges, not those just referred to but the ones 
between Chungking and Ichang, perhaps the best known gorges 
in the world, seem to have been formed by an uplift of the 
surrounding country persisting while the nver was digging its 
bed, and at about the same speed There are 400 miles of 
gorges here Other nver gorges, generally shorter, occur in 
many parts of the ii orld Most small rivers in mountain regions 
flow through gorges 

In North America, the gorges of the Columbia nver and 
of the Colorado, are ivorld famous, hardly less so is the 
Niagara gorge But there is nothing to touch the great gorge 
of the Brahmaputra or Tsangpo of Tibet for dynamic scenery 
It IS the one goigc in the world where one can stand amidst 
sub tropical forest by the nver, some 5000 feet above sea- 
le\cl, and gaze almost sheer upwards to sec everlasting snow 
and ICC 15,000 feet above, and in bctuccn, tier above tier of 
forest changing from temperate broad leafed to conifer, from 
conifer to rhododendron scrub, to alpine, and finally to ever- 
lasting snow Down below the mcr plunges yet deeper into 
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llicfc ij Jiowc\cr another tot which mi> he npplinl The 
vwihlc proof of a mountim citain is the thtpimcnt of its high 
penlu which gnes a clue to the itnLc of the chain Unfortu 
Intel) the distniniiion of Uic high praLs along the Sino- 
ribctin border land u no belter known tlnn is its geological 
stnicturc Many of the peaks ln\c ne'er e'en been seen by 
Luropcans, and of those that have, neither their positions nor 
heights arc known w nil suflicient accuracy Itmay beremarked 
however that the mere fact of there being a series of high peaks 
on a meridional alignment u not m itself proof of onginal 
structure nor docs it vitiate tlic possibility of the meridional 
range bcini, an isol iied block cut out of the transverse range, 
for the high peaks may fit in with thcae of two or more parallel 
ranges on the flanks belonging to tl c tranneme system TJia* 
is exactly what the snow peala on the ^ unnan Tibet frontier 
appear to do 

rherc u another feature of these nv er gorges seen cv en nsoJ^ 
clearly in the gorga of Uie Irrawaddy furUier w oX and probably 
also in tlie llrahmaputra gorge, vshidi calls for comment, 
namely their dual nature hach amllcy was first ploughed in a 
plateau by glaciers In die floor of die w itlc furrow, w nter then 
nude a deep incision as though vMth a sharp knife TIius each 
vallery is double, a valley vswhln a trough No glaciers reach 
any of the riv en to-day, except in the gorge of Uic Brahmaputra 
where one glacier was seen to come nght down to the water i 
edge But in Uic Mekong gorges and probably also m those o 
the Salween glaciers still reach the edge of the upper trough- 
Tlic gradient in Uiesc gorges u always much greater dian on 
the plateau where die nv era nsc, or on the plains to which tlity 
descend All the Tibetan nvets — Indus, Sutlq, Brahmaputra 

Salween Mekong Yongtre, Hwang Ho— descend tliousanclso 

feet through gorges hundreds of miles m length , 

Irrawaddy, the mam branch of which rues just withm 
descends la ooo feet «v aoo nulcs , 

Several of the nvcn between the Eastern Himalaya an 
Western China follow erratic courses even through the gorges, 
loG 



GORGES 


doubhng back on themselves in a confusing manner The 
Yangtze itself makes a double hairpm bend This is ould be al- 
most incomprehensible did we not know that the whole region, 
which was formerly a plateau or senes of plateaux, lay under an 
ice sheet dunng the glacial age The inequalities of the plateau, 
by now so deeply eroded as to leave great mountain ranges 
standing up between the valleys must then have been almost 
insignificant, they were hidden beneatli a vast ice sheet As the 
ice sheet melted, leaving behind glaciers m the valleys, and as 
the glaciers themselves melted at unequal rates, a certain 
drainage pattern was fixed on the country But as the glaciers 
began to disappear altogether and nveis more and more took 
up the work of erosion, a new pattern evolved which did not 
quite fit the old ice pattern, traced several thousand feet higher 
up The present river pattern, e g of the upper Irrawaddy, 
seems to be a combination of the two, glacier and nver drainage 

Gorges arc formed in other ways than that described above 
The Yangtze gorges, not those just referred to but the ones 
betw een Chungking and Ichang, perhaps the best know n gorges 
in the world, seem to have been formed by an uplift of the 
surrounding country persisting wlule the nver was digging its 
bed, and at about the same speed There are 400 miles of 
gorges here Otlicr nver gorges, generally shorter, occur m 
many parts of the world Most small rivers in mountain regions 
flow tlirough gorges 

In North America, the gorges of tlic Columbia nver and 
of the Colorado, are world lamous, iiardly less so is die 
Niagara gorge But tlicre is notlung to touch the great gorge 
of the Brahmaputra or Tsangpo ofTibet for dynamic scenery 
It IS the one gorge in the world where one can stand amidst 
sub tropical forest b) the nver, some 5000 feet above sca- 
levcl, and gaze almost sheer upwards to see cverlasUng snow 
and ICC 15,000 feet above, and in between, tier above tier of 
ibreil changing from temperate broad leafed to com/cr, from 
conifer to rhododendron scrub, to alpine, and finally to ever- 
lasting snow. Down below the nver plunges jet deeper into 
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the mountains as though into tlic very bowels of the earth with 
a roar wluch fills the goj^c wiUi Uiundcr 
But It IS as afTording passage for migrating tribes through the 
great mountain ranges that the nver gorges of South East Asia 
arc of special interest to the geograplier Nearly all tlie modem 
inhabitants of tropical Asia came from the north probab! j from 
Central Asia, and it seems certain that most of them — hlalap, 
Burmese, Siamese and many of the lull tribes— came down the 
\ alle>'s and gorges of the Salween, Mekong and other nvers, no 
doubt dunng the last aooo or 3000 years Other tribes must 
have prcced^ them These n\er gorges, from the Brahmaputra 
in the west to the Yangtze m the east, afford tlic only link, other 
than tJie high passes between the Central Asian basin and the 
fertile plains and deltas south of the mountain barncr 
We have already discussed possible reasons for these imgra 
tions It iviU be enough to repeal that we do not know the real 
reason Modem geographen believe dial there has been no 
great change in die climate of Central i\sia withm histone 
times — say within the last 5000 years It is suggested that die 
desert conditions of the Tanm basin for example are due not to 
cltange of climate but to the failure of the nver, owing to retreat 
of the glaciers amongst which the nver rises But this merely 
transfen desiccation from the basin to the mountains, for how 
otherwise should the glaciers shnnt* And if the mountains 
recavc less precipitation, the central basin is likel} to receive 
still less 

However, so far as the migrations we arc considcnng are con 
cemed they may well have begun more dian 5000 years ago, 
and continued for thousands of years 
But why, it may be asked, did the tnbes not move eastwards 
into the fertile valleys of China and the great plains'* The , 
answer is that already the pressure was from Central China 
outwards A great cmbzation was springing up in Eastern 
China, in the valleys of the kellow River and of the Yangtze 
A bulwark was being erected against the barbarians of the 
western mountains Indeed Nature herself had seen to it tliat on 
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the west and north China was protected by 3000 miles of for- 
midable mountains and deserts, and anyone coming from Cen- 
tral Asia must first cross these It was easier to follow the nvers 
southwards through the goi^es than travel eastw ards But the 
mountains to the south are like a spider’s web, and many were 
caught up on the way and entangled in the sticky jungle, 
isolated from the mam body and from each other And while 
the mam body no doubt pressed on steadily southivards, 
smaller patrols broke away to east and west, or even doubled 
back on their tracks Every main body shed bits as it advanced 
In some such way we can perhaps account for the extra- 
ordinary mixture of tnbes winch inhabit the mountains between 
India and Cluna. It seems certain that these narroiv river 
gorges which pierce the mountain barrier of a desert region 
have admitted the refugees to the coastal plains To-day mule- 
borne trade passes up and down them as of old 
Where nvers flow through gorges Uiey offer little scope for 
irrigation But they afford unlimited power As to navigation, 
the Yangtze gorges, na%ngable throughout their length, are 
perhaps unique, though it must be remembered that the 
Yangtze here falls only 100 feet in 400 miles Even the third 
defile — a very minor gorge — of the Irrawaddy between 
Bhamo and Myitkyma has been navigated only by small 
launches, and that only m the low-wratcr season The Salween 
and the Hwang Ho arc probably the two largest and longest 
unnavigablc nvers in the world, and that for quite different 
reasons 

Rivers floiving in gorges can never overflow their banks 
But they can be the cause of flooding on the plains lower down, 
by piling up the excess water It is here that great dams would 
probably be most effective 
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DELTAS, AND A DIGRES 
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S “ “•“■'T' will be formed 

The formation of deltas appears to depend almost entirely on 
the quantity of silt earned by the „,er If this eaceed, o .per 
''“Sbt) orthe total, a delta almost inevnably results, 
and ^is although periodically tl,c silt content falls well below 
Uiat figure (as dunng the dry weaUicr m a monsoon climate) 
111 Lawrence, Amazon and Plate 

^ drowned valle>s. as is the Thames c$tuar> 
t amongst the most thickly 

populated regions m the world, ouuide the industrial areas 
As n\cr control o^ands and culuvauon becomes more mten 
sive, they are likely to become even mere Unckly populated, 
and of even greater importance as food producing areas Half 
of Ae a^cultural populauon of South East Asia lives on the 
deltas of seven nvers and their assoaated streams namely 
Ganges, Brahmaputra (India), Irrawaddy, Sittang (Burma), 
Menan (Siam), Mekong, Red River (Indo-Chma) and ^Vest 
River (China) Their potential food producUon is an impor 
tant factor in the future of Asia and of the world Yet com 
pared with the and deltas of the NUe and Indus these wet 
deltas have not long been inhabited by civilized man, the first 
SIX almost certainly for less than 2000 years Before that they 
were largely covered with mangrove and swamp jungle, as 
much of the Sunderbans {Grnges delta) is to-day 
The Nile delta, though it has had great influence in the 
world as the seat of one oT the earhest civilizauons, is small. 
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covering only about 4000 square miles, in spite of the great 
length of the river. But much of the water is (ira^vn off above 
the delta, and much of the mud deposited in the swamps of the 
Sudan when the river rises. Length of river indeed is no indica- 
tion of size of delta. ‘The Ganges-Brahmaputra delta is the 
latest in die world, covering fifteen or twenty thousand square 
miles. Evaporation from so great a surface in the hot climate 
of Bengal is enormous, and the more ^vater is evaporated the 
more readily what remains drops its mud, and the faster die 
land advances on the sea. 

The control of this great system of rivers for the same purpose 
as the Tennessee Valley Association (T.V.A.) was organized 
would be a tremendous undertaking, but it would pay hand- 
somely in the long run. Indeed, it is impossible to set limits 
to what might be achieved with modern machinery, methods 
and knowledge. Deltas, as vital food-producing areas, are 
likely to come in for much attention during the next half 
century. It is even possible to conceive of deltas artificially 
brought into existence, or written off. 

Tor example, it would be quite possible to divert the Mekong 
river, more than 2000 miles from its mouth, and turn It tnto 
the Salween, with unpredictable results. The delta of the 
Mekong, now the granary of Annam, ivould no doubt dis- 
appear; but the Tonic Sap, a large lake in Cambodia which 
takes much of the overflow of the Mekong in the flood season, 
would disappear tqo. 'What would happen in the lower Sm- 
''een valley it is impossible to say. Moulmein would no t 
be obliterated but might be rebuilt on higher ground; but the 
, scouring of the bed of the Salween might make that nver 
navigable for several hundred miles. , 

The Salween, which has not even a delta, is a pccuhar y 
useless river, being already unnavigable within a hundred mi cs 
of its mouth in spite of its 2000 miles length. Moreover the bar 
ut its mouth prevents' large vessels reaching Moulmein. 
'vould hardly be missed in the economy of Burma. ^ Tje 
Mekong, on the other hand, is a useful river, being navigable 
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for 600 mte from the sett and, „ith interruptions, for several 
hundred nulcs bejond that. Also it has a delta. It misht 
therefore be a better plan to turn the Sal« cen into the ifeiong, 
and nush the ratlicr troublesome channel of the latter river, 
besides givnog deeper water in tlic middle reaches. Unfor- 
tiiMtcly It js not a reversible prqecti and uliilc it ^^ouId be 
perfecUy feasible to divert tlie Mekong into the Salween ^o^v^ng 
15 miles to the cast and 1200 feet below, it svoiild be practically 
im^siblc to make the Salween flow uphill into the Mekong! 

that tlic i^a IS not ahogcilicr fanciful is suggested by the 
fact that the Onnoco. about a thousand miles from its mouth, 
IS connect^ with the head waten of tlic Amazon by a natural 
Casciarc Clianncl, Thus one can enter the mouth 
01 Uie Onnoco. proceed inland a thousand miles, and reach tlie 
Kio XSegro 700 miles above Manos, s\hich is a thousand miles 
by ocean steamer ~ from the mouUi of the Amazon, 
/pother hydraulic improvement which might be achieved 
without Rfcat difficulty, and which would certainly produce 
unlimited power, would be a 30-miJe tunnel through the 
castOT end ^ the Himalaya to short-circuit the long hairpin 
bend of the Tsangpo round Namcha Banva, the as.ooo-feet 
snow peak which stands sentinel over the Tsangpo gorge. As 
the Tsangpo flows past Uie northern flank of Namcha Banva 
at an altitude of about Cooo feet and past tiic southern flank, 

30 miles distant across the range, at an altitude of 4000 feet, 
this project is perfectly feasible. 

However, this is a igression. .. . 

It is from the diy deltas of the hliddle East, perhaps the first 
regions to be settlm by man, that archaeologists have obtained 
evidence concerning ancient cultures dating back 6000 years. 
The Rosetta StonA which gave the Ley to Egyptian writing, 
was dug up in the Nile delta. But the della oftiie Indus, though | 
known to contain relics of a civilization almost as ancient as 
anything in Egypt W Mesopotamia, has as yet hardly been 
touched. Nor is it likely that the last discoveries have been 
made in the Nile dcia. 
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The civilizations of tlic Far Eastern tropical belt, which came 
long after, were not at first associated ^vlth deltas Assam’s 
ancient capitals ivere situated far up the Brahmaputra, those 
of Burma centred round the dry zone in the heart of the 
country, ivhcrc stands modem Mandalaj In Siam the capital 
lay east of the delta, in Java early avalization vv as in the centre 
of the island, and in Cambodia near Tonic Sap on the western 
edge of die Mekong delta All these civilizations arc modern 
compared wath those of the West No city much more than a 
thousand ) ears old is known, and even allowing for the destruc- 
tive effect of the climate, it is certain that no great buildings 
dating back even a thousand years earlier ever existed The 
peninsulas of South East Asia were colonized by already 
civibzcd peoples who came out of the heart of Asia and from 
India and China less than aooo ■years ago Before that they 
were occupied by wandering tribes with a Stone Age culture 
It IS obvious that it took man much longer to subdue the 
overwhelming vegetation of the tropics than it did to learn how 
to raise food crops by irrigation m a scmi-dcscrt region Three 
or four thousand years elapsed between the heyday of Middle- 
East culture and tlic nse of those Indonesian cultures Nor does 
It appear that tlie latter learnt much from the former The 
problems w luch the Chinese successfully overcame in the north- 
eastern part of China, in the •valley of the Hw ang Ho, were no 
doubt not very different from those of the West, and Cliincsc 
civilization, winch later spread southwards to the Canton delta, 
developed, during the 2000 or 3000 years pnor to the rise of 
civilizations in South East Asia 
or late years tlic agncultural wealtli of tropical deltas has 
focused attention upon them TIic deltas of South East Asia 
have all become sites for great seaports, generally situated at 
some distance from the sea on a barely navigable nver con- 
nected with the delta, as Calcutta, Rangoon, Bangkok and 
Saigon Tire reason n obvious Hie rivers arc navigable for 
hundreds of miles into the intcnor, and are of course the 
natural outlet to the sea Tlieland is flat, overland communica- 
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tions arc easy I abour »s plentiful ind food is cheap, industnal 
um Kis everything in its favour, including often a wealtli of 
essential mineral nw matenals, like coal and iron, close at 
hand But to industrialize the tropical deltas, thereby reduang 
their potential agricultural area and at the same time increasing 
tlicir population, is a very short sighted policy, and one calcu 
latcd to raise grave problems 
Coastal cities in future will lay IhcmscKcs open to tlirec* 
dimensional w arfarc and to combined operations on a big scale 
Inland cities, tliough open to acnal bombardment and para 
troops, arc at least safe from sea borne artillery But safest of 
all will be mountain cities 
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PLAINS 

From what has been said about Earth features it will be clear 
that there are three primary surface features of the land crust; 
plains, mountains and rivers. The sequence is clear. The 
crust is pushed up above sea*le\'cl to form mountains, plains 
and plateaux. This land at once interrupts the gentle flow of 
currents in air and sea; the higher and wider the land, the 
greater the agitation produced; high mountains cause violent 
eddies and turbulence. Thus a much more dynamic factor 
than latitude for producing variety of cbmate is introduced. 
Clouds at once form owing to the cooling of saturated air in 
contact with cold land, and rain begins to fall. Rivers are 
bom; and the wearing away of the land begins. 

As a result of the work of riven, and also of glaciers, valleys 
and deltas are formed. Secondary mountain ranges are also 
carved out of original ranges. The riven form flood plains in 
their lower vallcjs, fill up troughs to form plains, and steadily 
push their deltas 5 C.iward, increasing the width of the coastal 
plain. « 

Of all land features, mountains and plains arc the most 
obvious because the most conspicuous to the great majority of 
people. For it is on the plains that men dwell in the greatest 
numben. About 3/4ths of the human race live on the 
plains, not ncccssanly at sea-level — the great plains of the 
htiddle West, U.S.A., arc several thousand feet above sea-level. 
But the plain of Europe, from the North Sea to the Urals, 
nowhere rises more than a few hundred feet above sea-level. 
Bcj'ond the Urals it stretches on again unbroken to the shores 
of the Pacific. 

About i/grd of the land surface is more than 3000 feet 
above sea-level, and tliis includes ele^’ated plains which are 
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really plateaux, like Africa The remaining 2/3rds, however, 
IS by no means all plains 

But It IS under the sea that really extensn e plains occur Tlie 
land plains including even the submerged coastal shelf arc 
small compared wnth the \ast submarine plains which he at 
depths of 13,000 to 18,000 feet under the sea About 40 per 
cent of the ocean floor, that is s/sths of the lithosphere, lies 
between ai and 3^ miles below the surface Much of this floor 
appears to consist of endless plains, covered with a compara- 
tive!) tlun carpet of red clay, Globigenna ooze, or sihceous 
sand, or perhaps they may be compared witli huge saucers, 
which contain the seas Hence it would seem that the greater 
part of the lithosphere is comparatively level, and that moun 
tains arc cxccpdonal, although more than i/3rd of the land 
surface is hilly or mountainous Nor must we overlook the fact 
that a considerable area of high land has been worn down to 
the level of plains by the work of nvers 

TJie plains arc the granancs of the modem world, as indeed 
they were of the ancient world, and hence are of the greatest 
importance to man By far the greater part of the worlds 
agncultural produce, not food only, but fibre plants like flax 
and cotton, vegetable oil, seeds like rape, drugs and many' 
other economic plants, not to mention timber, is produced on 
the plains Wierc they ire not cultivated tlic plains arc mostly 
covered with pasture and used for raising stock, or with forest 

From the earliest times man has inhabited the plains m 
preference to the mountains, cultivated the land, improved 
communication, raised stock, earned on mining and built 
great ciUcs All the great aties of the world arc on tlie plains, 
close to food producing areas It is easier to cultivate the plains 
than the mountains, and easier to mov c about on them, the 
chief land communications of the continents, whether rail or 
road, he across the great plains Witli the exception of coal 
and iron, however, thc^mmeral wealth of the world lies mostly 
in the mountains Oil 1$ found both on the plains and m Uic 
mountains 
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Ancient man must have been confined almost entirely to the 
plams, more particularlj to the open grassland plains, where 
food and water could easily be obtained, food from the enor 
mous herds of hoofed animals which roamed o\ cr the grassland 
plams dunng and after tlie great ice-age, and from fish caught 
in the lakes and nvers, as well as along the coast, and water 
almost anj’ivhere He could have made much less progress in 
the tropics, ivhere the plams were generally covered wUi 
jungle In fact the largest areas of tropical evergreen ram 
forest are associated ivith the plains of Brazil and of the Congo 
hasm It was not until quite late in the history of man that he 
settled on the tropical plains and on the deltas of tropical 
n\ers 

There was alwaj's fierce competition for possession of the 
plams and an easy style of life The defeated were driven out, 
and either took refuge in tlie mountains or fled deeper into the 
jungle, or Uiey were absorbed 

i /U1 the most anaent avalizations centred on plains and 
deltas, and here the arts of agriculture, tlie domestication of 
aninials, imgation, and a more stable societj were mvented 
Assyria, Babylon, Egypt and further east, the Indus delta, the 
upper Ganges valley, the North China plam, tell the story of 
civdizatvon The most powerful peoples were those with tlie 
largest food supply, tlie best system of irrigation, the most 
developed lines of communications, and the most highly 
organized populations For early avihzation mountains did 
not exist No wonder people believed tlie Earth vvas flat' 

But plains though they all look much alike except m so far 
as they are clothed -mth different types of vegetation, were not 
all formed in the same way The great plains of the land sur- 
face are mostly upbftcd plains, though they have since been 
altered by furtlver deposits Crom the mountams, and so show 
a hybnd ongm The narrow coastal plams arc also often 
regions of uplift, though they also arc areas of deposition like 
deltas The flood plains rf nver valleys are also plains of 
deposition, as are alluvial fans Yet anotlier type is the plam 
1x7 
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'vliich $lop« gcml> nu ly from •» range of mountiinJ, formed 
of mTtcrnl v\ Hl;cd down md fiircad mil along its fewt Such 
phms r in be seen in all si igcs ol construction, beginning ivitli 
1 row of nlUiinl fins nlmsc expanding lines presently join up, 
Jml \cr> gndiially lliltcn and spread, itid ending I'lth the 
fmuhetl phin, ipparcntU level, which when closely examined 
has 1 perceptible though gradual slope Good examples may 
be sceti at the fool of any range of mountains where there is a 
fairly iieavy rainfall, with or witlioiu inon-fill at liighcr alti- 
tudes Siligun on the plain of Bengal, the terminus of the 
Daijecliiig railway, is loou feet above Calcutta, the slope being 
imperceptible The mrmu plim on whicJi the citv of Tali in 
Yunnan is built, between the lake and tlic western range, looks 
fairly level, but the fact that water flows from one nee icrnicc 
to the next reveals the gentle slope. 

Riven arc responsible for the building up of many platform 
like plains or lemccs as v»cll as for slowly wearing down 
mountains until ilieir stumps only remain to remind us that 
these plains— -pencplams— were once mountains Some of the 
most ancient mountain ranges m the world ha\e been so 
planed down Uni Ind net their roots been recognized no one 
would have siispeeied that there had ever been any mountains 
there Glaciers too luve been responsible for some plains And 
Anally there are the small filled in basins which give rue to 
those plains entirely surrounded by mountains which so sur- 
prise and delight the cy e of the trav cllcr in the highlaniU 'The 
Red Basin of Szechwan is a famibar example Much smaller 
arc the curious uolatcvl plains of llkamti Long in Isorlli 
Burma and of Implial m Manipur State All three arc silted 
up lalc-bosms, and were probably lakes dunng the glaaal age 
— when the climate of the whole region between die Eastern 
Himalaya and Central China must have been very much 
wetter than it is now, and dotted with lakes, as Canada and 
Finland are to-day Some of these lakes still exist, notably in 
\unnan, considerably shrunken, others have disappeared, or 
left only marshes 
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The lower vnlleys of great nvers like the Yangtze, Irrawaddy 
and Brahmaputra, as well as those which like the Yenesi or the 
Mississippi traverse vast plains, are die flood plains Assam 
consists mainly of the flood plain of the Brahmaputra and its 
tnbutanes, it is a tnangular or funnel shaped plain interrupted 
near its moudi by outcrops of ancient hills, the Khasi Hills 
No doubt it was at one time an arm the sea, then it became 
a swamp, and finally dry land The Brahmaputra, meandering 
over It, deposits fresh layers of silt each year 
^ The Ganges valley was a trough, a deep arm of the sea 
penetrating from the Bay of Bengal, which separated the 
Himalaya from pcmnsular India It was eventually filled up 
with gravel washed down from the Himalaya, and to day 
forms part of the great plains of India 
Some of the greatest plains m the world are the alluvial 
plains which were uplifted ready made Such uplifted plains 
arc familiar along coasts, where, however, they often form only 
a narrow stnp between the sea and the mountams, as along the 
west coast of India at the foot of the Ghats, the cast coast of 
South America, parts of the African coast and Southern 
Australia These coasts may at present actually be sinking 
Continental alluvial plains may occur far from the sea, for 
example, the great plains of the Middle West, m the United 
States of America, and tlic still greater Eurasian plain, which 
stretches across the entire continent from the Atlantic to the 
Pacific, with only a partial interruption at the Urals Tlicse 
plams, however, arc of composite structure, since tliey consist 
of iwo ages of alluvia, that which was deposited when they ivere 
under the sea, and that which has been spread over them by 
nvers and glaciers since first they became dry land Their 
foundation is built up of thousands of feet of silt, overlaid by 
thousands of feet of debris The Assam Valley and the Ganges 
Valley are both being further overlaid to day with debns 
brought doivn from the Himalaya, as ivell as by annual layers 
of nver silt 

Europe and Australia arc the only tivo continents in which 
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tlic area of plains exceeds tJie area covered b> mountains 
Europe, in fact, is mamlj a continental plain, and is surrounded 
shallow seas, winch, if uplifted a \cr> few hundred feet, 
would almost double tlic plains area 
The plains where so much of die world s food is raised arc 
exposed to certain liazards especially to floods, and aLo m 
many piru of the world todrouj,hl It is chiefl) the flood plams 
of big nvers like die Mississippi, Hwang Ho, "Vangtze and 
Brahmaputra and no doubt many smaller ones such as the 
Damoda m Bengil which are subject to flood, and this may 
happen almost rrety year Droughts of greater or less intensity 
take place at fairly regular intervals in the South ^Vcstern States 
of the U S A , in Southern Australia and Queensland, in North 
Western China and in parts of India 
Many fertile plams have everything except water, and when 
irrigated yield abundant crops — Mesopotamia (Iraq), for 
example, which 3000 years ago v\as die granary of the Middle 
East When the irrigation canals were neglected, the country 
reverted to desert 

In many parts of India large irrigation works have been 
installed, and in far Western China, the Red Basin of Szccliwan 
13 irrigated by an elaborate system of canals and dams The 
area of plains under imgation in the modem world is very 
great and likely to increase But there is obviously a limit to 
the area of desert which can profitably be imgatcd 
In Canada and Russia man « up against a diflcrent problem 
There are wide plains m Northern Canada where crops could 
raised but tl e summers are too short to ripen die grain 
But breeders dicrcforc turned their attention to producing a 
up la^hich would npen ui die short Canadian summer, and ^ 
— when In admirably that wheat is now grown in Canada as 
Himalaya ao {VCtccs Here again there is a limit, bcyxind j 
wetter Aan it is r<\cr npen, that limit has probably been 
Finland are to-day 

Yunnan, considerab jo wluch plains at the foot of tlie moun 
left only marshes valleys are exposed lias all unwittingly 
130 



PLAINS 

been greatly increased by man himself In Ins zeal to cultivate 
thcEartli he abuses his power over Nature, never absolute, and 
Nature retaliates Those plains of India and China which 
possess a forest climate were no doubt cleared of forest 2000 or 
3000 ) ears ago It may be that these countnes and ev en regions 
further afield are paymg a heavy price for tliat reckless act, for 
some at least of the floods and droughts which periodically 
devastate whole provinces in China and, less frequently, India, 
must be attnbuted to the disappearance of forest, followed b> 
a change of humidity, lowered water table, greater run-off, 
greater ev aporahon, sdtmg of nvers and so on in ev er-widemng 
circles In our own day we have seen great changes take place 
m the Middle ^Vestem States of the U S j\ where deforestation, 
deep ploughing and over-cropping have done irreparable 
harm to the land. 

Yet culuvatiOQ of the Eartli is necessary if man is to live and 
advance at all \Vliat then must be done to avoid the evil 
consequences of deforestation’ The ansvser is to be found in 
fhc long term provision for its replacement, in careful selection 
of the area and avoidance of too rapid destruction, mimgation 
of and regions and nver control — in short of large scale long- 
range working plans for the r^on The most severe damage 
far and wide is done when tlic mountains arc denuded offorest 
That is something which needs drastic action, because it is to 
the mountains that men’s c>cs will now turn 

The world’s food supply is a problem which has suddeni) 
assumed a vital importance There arc two ways of increasing 
It (1) by bringing more land under culuvaOon, (u) by making 
the same area of land produce more and better crops, using 
selected seed and adopting better methods of cultivation 
Ulumately it is the man on the land who is responsible 

More land may be brought under cultivation by cleanng 
more forest, by irrigation or by the introduction of cold- 
resistant or drought resistant crops It is doubtful whether 
much more land can be cleared for cultivation without doing 
senous damage m other directions, but more semi-desert or 
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Vet the end of the ttotid’i 
available food supply could be made to eo furUier bv dis- 

TaTeallLT" .tfw rabomni Z 

unlitelv tn eountry, that is a war tune measure which is 
unlihely to survive the war for long 

world ha!' nT' “ '™“'5 ‘i' “ ">““110 to tliiiik that because the 
do so wo '■'ached maximum production, it never will 
land roiilH h "h * P°“iblc to estimate just how much more 
tnereaie “J'*"' '“""ation, and what percentage 

above to production the improvements mentioned 

'votM food product.ou-no ermret, litres are 
,h Siam, let alonf China, 

Tut wh^n llT' “SI'a “'al areas in the world 
one ueVo i calculations have been made there is still 
S^aTen^T" ^ -population With religious dogmas and 
and mo half the world's populabon to have more 

must s^e a •hought for the morrow, a point 

world Co A 'cached when world population outstnps 

’“'’P'e'’ A P 0 "« has long since been reached when, 
local 1°^ the world, local population has outstripped 

local W supply Then food has to be imported from sulblus 
^ transport u avail 

able there will be no lack of wllmg sellers - at a pnee But 
surplus areas arc not immutable 
Dunng the next decade there u-ill probably be attempts at 
large scale mdustnalization m South East Asia and a great 
expansion of mdustnalization m Amcnca and Europe India 
and China, which between them contain nearly ihrd of 
the world s population, are neither of them surplus regions, 
tlmugh both of them include surplus areas Nevertheless, ui 
order to assure a flow of vital raw matcnals, mdustnal leaders 
will probably be willing to export food, even at the cost of 
starving sections of their own populations, which may be 
nature’s inscrutable way of adjusting population to food 
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supply. Even if they are not, it is highly unlikely that they 
vrill be able to tni^ort it without creating shortages elsewhere. 
The battle of the plains is the battle between a sane agriculture 
and industrialization. 

In other words, agriculture comes first, particularly in India, 
China and the countries of tropica! Asia, where more than 
75 per cent of the population are peasants. Agriculture is 
dependent to an ovcnvhelming degree on the plains, and the 
first duty of governments is to prevent recurring catastrophes 
by flood and to keep rivers open to navigation — that is to say, 
river control. The prevention of drought is another matter. 

About 40 per cent of tlic total land surface of the Earth 
consists of plains, though some of this is desert; most deserts, 
however, are elevated regions. Generally speaking, the plains 
stretch away from the foot of the mountain ranges on one 
flank, and are associated with the lower sections of the great 
rivers svhich flow across them from those mountain ranges. 
Plains are often continuous svith river valleys for hundreds of 
miles inland; or they may be mere coastal strips and deltas. 
Thus they arc usually well watered, or at least capable of being 
irrigated. As tve have seen, they are not necessarily at or even 
close to sea-level. Holland consists entirely of plains which arc 
al sea-level; unless these were protected by dykes they ^vouId be 
inundated at high tide. In Russian Central Asia around the 
Sea of Aral are plains below sea-level. Tibet consists of a great 
plateau -which is really a scries of highly elevated plains; but 
plateaux are rarely if ever as level as true plains, though they 
too may have been beneath the sea ~ as Tibet formerly was, 
though at a much lower level. 

For more than 6000 years civilized man has been living on 
the plains, cultivating them, building cities, enlarging his 
inheritance. For the last few hundred years only has he raised 
his eyes to the hills. The plains arc becoming sour and ex- 
hausted. Meanwhile man’s technique and knowledge have 
increased so much that he has begun to live in the mountains. 
One may well ask, will man turn away from the ruined and 
ins 
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ravished plains m disgust and seek peace m tlic solitudes of the 
mountains looking dou-n from Olympian heights on the 
peoples of the plain below’ The boldest of them may )ct do 
so Under modern condiuons the highland people, especially 
m Uic tropical zone, have a great adv antage over the plainsmen 
Colonization of tlic Ingh plains and plateaux of Central Asia 
by pioneers is possible to a people oreourage and imagination 
Just as the Americans colonized their own rugged West, so 
could they colonize ancient lands This much is certain 
Hithout colonization and a new pion«r spirit, Asia will remain 
hollow 
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Geologists fonncrly believed m a simple theory of mountain 
formation by shnnkage of the Earth’s crust to fit a cooling core, 
which resulted in throwing the surface into wrinkles But as 
their researches probed deeper they found that mountain 
ranges were in fact not so simple, and not to be so simply 
accounted for 

After the discov cry of radio activity geophysicists maintained 
that the contraction theory was inadequate to account for 
mountain building, at least by Itself In the words ofDr J H J 
Poole 'Before the radio active elements were discovered the 
mam difficulty then was to explain how the Earth took such a 
long tunc to cool Since the discovery of these elements, how- 
ever we are forced to make rather uncertain assumptions to 
explain how the Earth has ever cooled at all’’* 

No theory of the Earth’s crust, as regards its formation and 
cooling, at present put forward satisfies all scientific men 
Here we must be content to accept mountain ranges as a fact, 
without any attempt at explanation of how they came to be 
\Ve may talk of them as crust wnnKlcs without suggesting more 
than tliat they look like crust wrinkles, and it is likely that 
contraction played some part m their formation Their struc- 
ture, however, when laid bare by the discerning eye of the 
geologist, IS far from simple 

Whatever they looked like when they first became visible 
above the surface of the ocean, we sec them now after many 
millions of years of weathering — the work of rain and snow, 
rivers, glaciers, wind, heat and cold But it is unlikely that they 
ever did look like the simple figures and diagrams we draw in 
order to explain their ongin because uplift and sculpturing 
hav e kept pace with one another By the time crustal upheavals 
1 Gecgrophicat youmaf N«nfmber 1931 
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Ind reached the dignit> of mountains they had already been 
tvrought upon by surface forces for untold ages 
Geologists behei e that there have been periods in the Earth’s 
istoiy when mountain building was especially active, accom 
panied perhaps by volcanic activity At least tivo such pcnods 
are recognized The earlier period was so remote, that the 
mountains then uplifted have been planed down almost to sea 
evcl they have been worn down to their roots like the teeth of 
an old dog The later era of mountain building, to which most 
of the present mountain ranges of the world owe their existence, 
Tu during the late Secondary and early Tertiary epoch 

The Tertiary epoch is reckoned to have begun not less than a 
hundred million years ago, with the Eocene penod The Alps, 
the Himalayas, the Andes and Rockies, the Tibetan platcm 
and other gre^t uplifts belong to this phase of mountain 
building, which may still be going on But there are certainly 
isolated mountains which belong to neither penod and perhaps 
to no penod Such isolated mountains arc usually volcanoes — 
V«uvius, Fujiyama and the cunously isolated extinct volcano 
of Fopa in Burma may be mentioned At the same time one 
would expect volcanic outbursts to be assouated with tfie 
crustal instability of a mountain building period, when the 
crust was readjusting itself more or less violently to a shnnking 
core Such volcanic outbursts are certainly associated with the 
formation of many archipelagos, pentruulas, and a general 
breaking up process on the fnnges of the continents, such as 
took place m South East Asia 
Of all features on the Earth s surface mountain ranges arc the 
most conspiciious, though less familiar to milliom than are the 
plains, they arc infinitely more dramatic Few, indeed, can gaze 
upon snow ranges for the first time without feeling the heart 

beat faster, a feeling of awe in the presence of sublime grandeur 

hfountams arc at once a challenge and a summons And ) ct it 
was not alwayvs so For thousands of years man looked upon 
mountains with awe, yes, but it was awe mixed with fc3f 
Mountains wermhe mysterious abode of the gods, of spirits, of 
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demons It Nvas not merely dangerous, it w as impious to \ lolate 
their sanctity So of course it was dangerous too 
' The fact that the matenals out of which a mountain range is 
built may differ wdely is obvious to the least observant The 
scenery along a limestone range is very different from that 
along a granite range — sharp fretted ndges as against blunt 
toivcrs and smooth cliffs Different again is a sandstone rangCj 
and to differences of structure may be added differences of 
vegetation Thus the mountain landscape tells us something of 
the underlying rock 

One IS apt to think that only withm the last two centunes, 
and especially wthm the last century, since mountaineenng 
became a sport, has equipment been equal to the task of 
reaching the high spots It u no doubt true that anythmg much 
above :8,ooo feet was unattainable unul the nineteenth century 
for lack of technical aid — and assuredly no one was so fool 
hardy as to attempt to scale summits before that Yet it is 
surpnsing what journeys uere made, both by sea and land, 
2000 years ago, with pnmittve means Fa Hsian with a con- 
siderable party crossed Central Asn, the Karakoram and 
Himalayan passes, in 400 n c The mountains bordering India 
may have been crossed long before that The spint of man has 
ever been far m advance of his equipment The modem danger 
IS that material equipment is catching up and forging ahead, 
spiritual equipment is lagging behind 

Only about i/25th ofthc land surface is raised one imlc above 
sea level— 5280 feet, i/soth is 6000 feet or more, half the en- 
tire surface Ucs 30,000 feet below sea-lcvel’ But i/asih of 56 
^ pillion square miles means over two million square mil«s of 
Jinountamous country — and a good deal of the remainder is at 
-'least hilly Hills rising only to 4000 feet, if much cut up by 
valleys and coiered with thick forest, can be very impenetrable 
\nd very uninhabitable Then there is desert, much of w Inch is 
below 5000 feet and excluded from the abo\ c esUmate. AUo- 
gctficr the area of desirable habitable land is not so extensive 
as might appear 
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or course the mountuns of the world arc far less explored 
than the plains, even where the plains arc coscred \villi jungle 
The modem method is to \icw mountains from the air, map 
them by photography, and write them off as explored 
Mountains has c a dccisne effect on climate, being a powerful 
promoter of atmospheric circuKtion The) cool the air currents 
which blow against them to a much greater tlcgrcc than they 
would be cooled at the same altitude if there were no land 
Hence the heavy rainfall m many mountain areas as compared 
with Uic adjacent plains Dunng the south west monsoon 
which blows throughout tlic summer montlis, the Eastern 
Himalaya and the Burma-Assam ranges between India and 
China arc smothered in cloud and invisible from the plains for 
weeks on end The snow ranges of Western New Guinea arc 
very rarely visible As a result, at moderate elevations, where 
the climate is mild, they are cov ered with some of the thickest 
jungle in the world 

But mountains are not the cause of moist winds They do 
not inject moisture into the air, nor, if it is not there, can they 
extract It. If dry winds blow across mountain ranges, tlicy 
remain dry, and the mountains are without forest Tlius only 
dry winds blow over the mountains of Arabia and of North 
Africa, Baluchistan, Persia -- in fact, ov cr most of tlie moun- 
tains of the great desert belt ofAfnca-Asia 
The western slopes of the Andes, m Ecuador, Pern and 
Bolivia, the northern slopes of the Himalaya, and the Kuen 
Lun to the north of the Tibet plateau, arc also comparaDvely 
dry. Still further north, however, the Tien Shan, though 
bordenng the Central Asian desert, is forested on its coo! , 
northern flank f 

Here note that Andes and Himalaya are ram screens, witiA 
one wet and one dry flank, such ram screens being indeed 
characteristic of mountainous regions This is very nouccable 
along the Sino-Tibetan frontier, where the appareni trend of 
mountain ranges is north south, parallel to the upper courses 
of the four nvers, Irrawaddy, Salween, Mekong and Yangtze 
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In the Salween valley, m about lat afl® the climate changes 
abruptly from wet to dry withm a few miles, the difference of 
T'Mnfall being so considerable that whereas south of lat 28° 
evergreen jungle grows at the bottom of the valley, north of 
■’8° 15' there arc no trees at all withm 2000 feet of the nver 
The contrast of chtnate> as reflected m the type of vegetation, 
IS indeed astonishing, and is the more remarkable because the 
ram bearing wind comes from the west Yet all four valleys, 
or rather gorges, with the exception of the Irrawaddy svhich is 
the most westerly and wet tliroughout, become progressively 
dncr from south to north, not as one would expect from west 
to east Tins indicates n rain screen stretching across the gorge 
country from north west to south east m about Ht 28“ It 
further corresponds with a transverse belt of high peaks 
situated on successive north south ranges 
While on the subject of mountains attracting ram it will be 
corn ement to refer to plateaux and secondary ranges Plateaux 
arc uplifted plains, but their surfaces are usually far more 
irregular than plains They commonly occur between two 
parallel mountain ranges, unless we take the view that the 
plateau is traversed, as the plateau of Tibet ‘appears to be 
tr-iversed, by a senes of parallel ridges 
But old plateaux, especially m wet regions like South East 
Asia, do not always remain plateaux in appearance Their 
origin, as revealed by their underlymg structure, may be that 
of a plateau, but outwardly they may appear as a jumble of 
mountains There are several plateaux bordering Tibet and 
Western China which the layman would never recognize as 
such because of the wear and tenr they have undergone As a 
|rcsult a network of secondary ranges has been carved out, 
sundered by a network of deeply eroded valleys 
A further comphcation has been introduced by the dual 
nature of the operation for some of the plateaux have been 
twice dvsaectcd, first by ice and secondly by water T hn is 
conspicuous on ihb plateau of Yunnan, in the northwest 
corner of that province, and furtlicr west on the Irrawaddj 
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plateau of North Burma. Tlie SItan plateau in Eastern Burma 
appears to be walcr-%vom only. TIic hfexican, Bolivian, 
Persian and other dry plateaux, like tljc Tibet plateau (except 
in its south-eastern corner) are much less dissected and retain 
in some degree at least the external appearance of a plateau. 

Tlic Tibet plateau, the highest plateau in the world, is 
traversed from west to east by a number of lofty ranges, 
separating long, comparatively narrow, trough-likr vallc)^. 

Of course, whether a tract of country can be described as a 
plateau or not depends neither upon its external appearance 
nor upon its vegetation cover, svhich may be forest as on the 
Irrawaddy plateau, grassland as on the Afghan plateau, or 
nothing as on the Tibet plateau, but upon its foundations. 
Tliat mountainous Yunnan is fundamentally a plateau is 
clearly shown by the long, level-topped mountain ranges, which 
indicate tlie former surface; the valleys, of course, have been 
produced, not by bending as a sheet of corrugated iron is bent, 
but by erosion. Thu is equally clear on die Irrawaddy plateau, 
north of Myitkyina. 

Since mountains cause heavy precipitation, they necessarily 
nourish great fivers. Generally speaking, the greatest moun- 
tain ranges in the world are the sources of the greatest rivers 
in the world. The hlississlppi, one of the world’s greatest 
rivers, docs not rise amongst particularly high mountains, 
neither docs the Nile, which sJiows that there arc other factors 
at work in deteimining at feast the length of a river. But it 
would be true to say that the Himalayan mountains discharge 
more water to the Indian Ocean than the Rocky Mountains do 
to the Atlantic and Pacific Oceans combined. 

I referred earlier to isolated mountains, most of wiiich are of, 
volcanic origin. From die point of view of the naturalist 
geographer, isolated mountains are of peculiar interest because 
they support an isolated Bora and fauna, which may be a relic 
or may be modem, but which are most probably a mixture of 
the two. Nor is it always easy to determine which is which. 
The past, perhaps the long past hbtory of the region, the 
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possible age of the flora or fauna and its geological horizon, 
the possible migration routes, the mechanism of evolution are 
all problems to which the naturalist seeks answers. 

Isolated mountains like Kilimanjaro, Ruwenzori and Elgon, 
all extinct volcanoes, offer scope for research. But there are 
many isolated peaks included within mountainous areas, rising 
a few thousand feet above their neighbours, wJiich are equally 
interesting. 1 have referred elsewhere to Dapha Bum and Sara- 
mati, the former a mountain in Assam, tlie latter on the 
Burma-Assam frontier.’ 

Mountains ivhich rise above the snow line offer a svhole new 
series of problems. The snotv line, of course, varies very con- 
siderably even on the same mountain range, the amount of 
precipitation received being tlie most important factor. It also 
varies from year to year. One might reasonably expect it to be 
highest on the equator because of the high temperature 
throughout the year. Yet even in the heart of a great land mass 
like Africa it is actually lower on the equator than it is in, say, 
Central Tibet 35 degrees north of the equator. Ruwenzori, 
16,734 feet high, for example, has a number of glaciers, and so 
has Kenya which is over 19,000 feet. The snow line is probably 
about 13,000 feet. In New Guinea it is even lower by reason 
of the tremendous precipitation which, falling always as snow 
along the crest of the main central range, keeps numerous small 
glaciers alive. In Western Tibet, the snow line is about 19,000 
feet (Ruttlcc^e). On the north face of the Eastern Himalaya 
it is bet\veen 17,000 and 18,000 feet, except in the extreme top 
comer of Assam where it is lower; on the southern face it is 
about 16,000 feet. The heavy* rain comes during the summer, 
^and it comes from the direction of the warm Indian Ocean and 
the plain of Bengal. Consequently the snow line is compara- 
tively high, even on the windward face.' By the time the ivind 
has crossed the mountains it has dropped much of its moisture, 
and the snow line is raised on the northern face, and still further 
raised north of the Tsangpo valley. 

1 , > Modem Exploration, by Kinedon Ward (Cape, >945). 
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In winter the north wind is comparatively dry, but what 
moisture it docs contain is deposited on the northern slopes of 
the Himalaya, where the rock is colder than on the south face, 
protected as the latter is by vegetation and warmed to some 
extent by air rising from the plains. 

North Burma has only one smalt group of snow peaks, rising 
to just over ig,ooo feet; the snow line is about 17,000 fret. But 
between 14,000 and 16,000 feet hundreds of snow beds maybe 
found persisting in sheltered gullies throughout the summer, 
though never increasing in sire. 

Tiic level to which glaciers descend depends upon their size, 
steepness, and upon whether they face north or south. Although 
the snow line is as we have just seen low on the equator, most 
equatorial peaks are not very high; hence we do not find large 
glaciers — those of Ruwenzori scarcely descend below 14,000 
feet. The equatorial Andes on the other hand are over 21,000 
feet; but as the)* happen to be in an arid belt, the snow line b 
much liigher than on Ruwenzori, and Utc glaciers do not 
descend to low levels. Tlic glacien of Ka Karpo Razi, in 
North Burma, descend to about 12,000 feet, possibly lower on ' 
the northern face. Namcha Banva, at the eastern end of tlie 
main Himalayan range, is over 25,000 feet, and being in a very 
wet region, it naturally has several large glaciers which, in the 
Tsangpo gorge, descend to 9000 ftet. 

In high latitudes glaciers may descend to sea-lc\’cl, the snow 
line itself, as In Great Britain, being only a very fmv thousand 
feet above sca-levcl. 

Thus in high latitudes there is little scope for variety of 
vegetation — the climate near sca-l<vel is such that only one 
type of forest can survive namely conifer forest. At higher, 
levels conifer forest is succeeded by birch and \vino\v scrub, 
and that in turn by Alpine herbaceous vegetation. 

On the equator also, although the type of vegetation cliangcs 
with each few thousand feet of ascent, space is restricted. 

It is in the svarm temperate zone, on mountain ranges willi 
a high snow line, that the greatest variety of vegetation, the 
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most clear-cut separation into belts, is encountered. In North 
Burma, between tlic valleys not more than looo feet above 
sea-level and tlic snow line at 17,000 feet, no less than seven 
distinct belts can be clearly dclined, a!nd several of these can 
be further subdivided. The naturalist is sure of a ^vide field of 
work in any mountainous region, particularly on the world’s 
great ranges; and so also the plant-hunter, seeking new plants 
for old gardens. Fresh air, incomparable scenery, a tonic 
climate even when rainy (so long as one is high enough), and 
solitude are added attractions to be had in the mountains, rare 
or unobtainable on the plains. 

hlountains share with deserts the distinction of being tlie 
chief stumbling blocks to overland movement. Throughout the 
ages they have kept races apart. Glancing at a physical map of 
the ^s’orId, one begins to pcrcovc some of the physical barriers 
against human migrations and the causes of isolation during 
the historic period and earlier, especially in Europe and Asia, 
svhere the great mountain ranges run transversely. The out- 
standing geographical feature of Asia is the wall of mountains 
tvliich, striking out from the Pamir Plateau and early bifur- 
cating north-cast and south-east, reaches the one branch to 
beyond Lake Baikal, the otlicr branch to the plateau of South- 
\Vest China. The northern arm forced intercourse between Asia 
and Europe or Asia and India to follo^v a route nortli of the 
Tien Shan. The latter kept tlie civilizations of India and China ■ 
apart. Indeed, all the Mongolian civilizations in tropical Asia, 
in Burma, in Siam, in Cambodia and Annam developed in 
comparative isolation because they were protected on three 
sides by mountains. 

Despite mountains, deserts and seas the torch of civilization 
was carried across Europe and Asia to light the fires of progress. 
But the fires, though they continued to bum, even to illuminate 
the surrounding darkness, did not, could not spread. Cultures 
developed ividely apart, ever diverging. It was the transverse 
mountain system, stretching from the Atlantic to the Black 
Sea, which more than anything else separated the civilized 
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peoples from Uic barbarians, 'fliis fonnldablc barrier pre- 
vented tlic movement of cultured peoples overland into the 
Europe and directed them westwards round die 
Mediterranean coasts from Asia Minor to the Iberian Peninsula. 
Africa remained the dark continent for anodicr 300 years 
mainly because of the wall of mountains which guard the 
mtenor plateau. Reinforced along its nordiem shore by 
deserts, it was doubly protected. According to Haddon the 
only parts of Africa where movement of peoples \v3S compara- 
were (i) southwards down the cast coast, (ii) "’cst* 
the Mediterranean coast, north of the desert tract, 
"'^twards from tlie regions south of Khartoum, between 
the deserts to the north and the forests of the equatorial region 
(Haddon; RarMc/^/as.) 

Thus in Africa once the plateau svhich occupies most of the 
continent is attained, there is little opposition from mountains, 
but a grwt deal from desert and jungle. 

XVot till rnan had built ships whidi could follow the coast of 
nca out into the open seas svas progress made. Tlic first 
ocean-going vessels might cross the Atlantic, and even sail 
round the world before they could navigate so treacherous a 
waterway as an African river with its bars and shoals and its 
numerous rapids, not to mention its savage tribes. ' . 

.In ^crica, on the other hand, the great ranges are mcri- 
onal instead of transverse, and for long prevented contacts 
etween cast and west, diverting migrations southwards along 
the Atlanuc, and Pacific seaboards. 

It would be easy to multiply examples, but enough has been 
said to draw attention to the importance of mountain as 
bamers; thcwgli this must not blind us to the fact that they 
may also act^ guides to migrating populations moving along 
their base, a^>n Eastern India, where man has followed the 
base of the Himalaya up into the Assam Valley, and in Central 
Asia where he Vias followed the line of oases at the foot of the 
Kuen Lun. \ 

What of the Vuturc? hloimtiunous regions were certainly 
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among the last to be occupied by man. To-day, the mountain 
population of the world is not negligible. On the basis of 
two persons per square mile, wliicli is probably tlie lowest 
average density for any extensive area which is inliabitcd at all, 
it would amount to some five million people. But this figure is 
obviously far too low, U\c population oCTibct alone is estimated 
at about five million, most of svhicli is concentrated in the 
mountainous south-eastern quadrant. Western Yunnan and 
Szechwan have a population running into several millions and 
at least half of Switzerland’s four million inhabitants live in the 
mountains. In fact the mountain population of the world to-day 
can hardly be less than 25 million persons. 

- Tliere can he little doubt that this population will tend to 
increase in the Cnturc. There arc large towns in the Andes, in 
Mexico, in Tibet, China, tlic Himalaya, and even in Switzer- 
land which arc quite d^mitely in the mountains and many 
thousands of feet above sea-level. Mexico city is over 7000 feet} 
Qiiito over 9000 feet; Lhasa over 12,000 feet; Gyantsc over 
13,000 feet} and Litang over 14,000 feet. There is no difficulty 
in building cities, or for that matter in installing machinery in 
the mountains — it is mainly a question of expense. Water and 
power are there to hand. Good sites for scUlement arc abun- 
dant — small saucer-like plains, shallow bowls. Both Simla and 
Darjeeling, however, are built on the crests of ridges, the former 
7000, the latter Cooo feet above sea-level. But there cannot be - 
the same immense food production in the mountains that there 
is on Uie plains, although crops might be more varied. The 
present food supply however is no indication of what could be 
done, and there is abundant meat, fish^ milk and butter tobehad. 

There is perhaps not mucli future for the extremely wet mon- . 

■ soon mountains, cither in tropical Asia or anywhere else. North 
Burma and Assam, the southern slopes of the Eastern Hima- 
layas, Ruivenzori, the western slopes of the Andes, and similar 
regions arc not likely to attract many men; and the tendency of 
some of the tribes in Eastern India to leave their wet hills and 
mingle with the peoples of the plains is significant. Compara- ' 
'35 



Anoul THIS L \R7 II 
eaton ''>•= •'■= pl’K >"-1 of 

aSv:- , r,h ' * , '"‘™ ‘'“""S A' "'•« «ntiir) 

the Lt oJ r of persons hate during 

Ss.' ,nhLr,r f " '■r'’'’"'”* ‘'™” »k) i, „ mJ, 

eSc Anar,'? “ »o<l much more 

build shelter^e “oy other consideration it is easier to 

nlams and r 7 "" "'»ontai,i. than on llie 

n a n ’ n 1 11 onderground on the 

d e hills I ’’['f" “ «“"''= >>»'“>'■ Ibe sk> ,n 

Ihe caummrn .T"" 1>o tno, sledge, 

iarcc scale T ’ !l°*^ a 'niqiic to occupy the mountains on a 
eTmal sJr '‘l'’' »« •beer Lite KoUk, the. shite 

hfe .n*e™nr W<>“ly 

b h ty “ '"T “">■ “ f"'”' S^>‘ 

FiLI. ? ""b' '» 'Eoore 

to ansc i^mo'unt'^* '* * marked tendency for modcni states 
lanan t. mo^m " ' ’■> P" "K bP «f 

up to-date In frrl''°'^*t ^batzerland and Scandinavia are bolli 
MmLrei sJriU la"? "I);'Pm'nt and their standard oflising 
S’sldTaiZ 'Z f ‘'''Pb' "■ough a baetssard 

signs of renaZ Afghanistan, Iran and Turkey all shot* 
signs ofrenais ance Peninsular India is hillv 

thatTo ’ r"* '’•“P"! ■■ be appamnl 

more than a Inil Pmfoundlj influenced man, baulked him 
E duZn lh r“‘ P"”"'"* b"” They do nor, at 

him eomrietdv m “PP'" "> b"' r™>beled 

even theLstforrmdaSmnge SlTh''"' 

Em W “bore - the Middle 

East, North Wes India and Eastern China - perm, rung them 

L t ''''er.belcss there tve^c ™r S eon- 

ZZnd Zh. k supposed, esen rf the 

overland trade srhrch svas earned on lell little permanent mark 

136 



X IV 


LAKES 

Law- is a svord which covers sud\ a variety of cartlv 8tr\iciures 
dial many lakes have nothing in common cvcq)t that they con- 
tain water — oUiemise llicy would not be lakes, thougli they 
iniglit be near-lakes, as swamps, bogs, marshes and c\ cn plains, 
denoting stages in the life-history' of lakes. Thus little can be 
said abowt lakes in general. 

Together with rivers, lakes form part of tlie hydrosphere, 
that part of it which is land-based and usually — not always — 
fresh water. 

At first sight it may’ seem startling, or at least far-fctclicd, to 
include all land-based water in the hydrosphere; but a little 
reflection will show that the idea is quite logical. 

The hydrosphere, or ocean, rests as >vc know on the crust, 
and the *land’ after all 1$ only crust uhich by some means has 
been raised up above the average level. Again all land-based 
water is ultimately derived from the sea and all — or most ofit — 
returns thence. There arc fresh water springs in the ocean floor, 
as well as on land. If one looks at a map of Finland or Lapland 
or Northern Canada where the relative proportion of water to 
land is about i : 3 this interweaving of hydrosphere and litho- 
sphere becomes obrious; here the land surface is little more than 
a nctMork nith the meshes filled with water. It is only in the 
desert interior of a continent where water is rare and isolated 
that its oneness rvith the hydrosphere seems strained. Even 
water svithin the crust, meteoric water flowing beneath the 
surface and invisible, is part of the hydrosphere. Just as the 
clouds in the air, glaciers and ice-bergs arc part of the hydro- 
sphere, so also is the water in tliC lithosphere. We may note 
therefore that at any pven lime an immense volume of water 
uliich belongs to the ocean is actually on loan, circulating 
within the other two shells. 
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Finally an cnnniioiis b»l unLnoun \ohinir of « itcr js tern- 
ponnl> ‘fixctl’ by lumg miUcr, mIiicIi, consjslinp on the 
a\crai;e of about 8j per cent water. » rrlcasal on death But 
this can hardly be said to Iw part of the hjdrmphcre though it 
was thence derued 

Lakes arc usually associaitel with inotmtains, and most of the 
mountain ranges of the world with the curious exception of the 
Himalaj'a arc generously sprinkled with lakes Other mountain 
ranges conspicuousl) lacking m lakes arc the Carpathians, tlic 
Caucasus, and the mountains of South-Fast Asia Inking 
further afield hosscser we find that though lakes arc highly 
cliaractcnstic of niouniamous regions — it ssall be enough to 
mention the Furopean Alps, Scandinavia, the mountains of 
Western China, ilic New 7ealand Alps, Uic plateaux of Iran, 
Turkestan and Tibet, the Andes, Sierra Nesada and Rocltcs ~ 
^ct some oftlic greatest concentrations of lakes m Uic world arc 
on tlie plains, as for example m Northern Canada, the North 
Eastern United States of America, Finland, Uic NorUi Gemun 
Plain and European Russia The mountains Uicn do not have 
It all their own wa> It will be noticed however Uiat these lake 
lands lie well wiUun the area which w as cov ered by the tee cap 
during the Plcuiocenc glaciauon, and, since the mountain 
ranges known to be pitt^ with Irdcs arc also glaciated even 
tcwlay, one ma> safely infer some connection between glaciers 
and lakes in both regions It can hardly be a mere coincidence 
Further we may note — though the evidence is of negative 
\-alue -- that Uiosc European mountains which escaped gUcia 
lion, such as the Pyrenees, have no lakes worth mcntioninir 
Practically all existing lakes wiUun Uie norUicm glaciatrf 
region, such as those of Canada, tlic great lakes of the United 
States of Amcnca, and of Russia were much larger dunng 
Pleistocene times They have dwindled as the glaacrs have 
shrunk. In hot desert regions lakes arc cxcepuonal, somenmes 
even illusory, so far as Uicir containing water is concerned, for 
instance Laic Eyie in South Australia I ake Eyre however 
probably contains some water at intervals for Uic most part 
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and in most years Lake Eyre (north) is a salt-encrusted plain. 

On the other liaiid who would expect to find so many lakes 
in Algeria and Tunis! Tlierc is no evidence for the glaciation 
of tlic Atlas mountainsj whidi in any case aic some distance 
a^vay. 

Even in hot dry regions whicli arc not deserts lakes are 
generally rare. There is not a single lake in tlic svhole of penin- 
sular India and even if there ever were any in connection with 
the Perm-Carboniferous glaciation of that ancient land, they 
have long since disappeared. 

On the other hand there are many small lakes as well as 
glaciers onRuwenzon in equatorial Africa (Humphreys). Even 
the absence of lakes in the Himalaya — a heavily glaciated 
region — is more apparent dian real, For there are plenty of lakes 
on the northern though not on the southern slope where, osving 
to the heavy precipitation, they have pcriiaps been drained, or 
silted up. Lakes as lakes are much more at the mercy of events 
in the surrounding regions than are most EartJi forms. Plains 
and mountains and rivers can be pushed around, but it is diffi- 
cult to do away ivith tliem altogether. They can survive a good 
deal of rough treatment. But lakes arc delicate. They can be 
drained, dried up, or filled up and so disappear comparatively 
rapidly. One infers that most existing lakes are not very 
ancient. As a gauge by which to measure alterations of climate, 
or a succession of wet and dry periods, tlicy are invaluable to 
tlic scientist, since even after their complete disappearance tliey 
leave a record of tlicir liistory which it is often possible to 
interpret. 

The plains of Hkamti Long in North Burma and of Manipur 
in Assam iverc certainly lakes during the Pleistocene ice-age, 
and there are probably many sucli ancient lake beds on the 
plateau of Yunnan. TJie lakes of Central Asia and of Tibet 
have been gradually drying up as the glaciers ivhich feed them 
shrink. Lop Nor in Turkistan has not merely shrunk} it has 
changed Its position within historical times. Many of the East 
African lakes have shrunk considerably since tlic glacial age 
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during eqintornl AFrici cnjojcd pluvnl ind inter 

pluviil periods corresponding with glaaal and inter glacial 
periods m higher altitudes (Leakey) 

In prehistoric tunes lakes had a pcaihar importance which 
they no longer have — Uiey provid^ desirable residential sites 
and hence ivcre centres of early cuilizalion The Smss lake 
dwellings of 3000 4000 B c arc an example Nowadays lake 
shores as residential areas have nothing particular to offer which 
is not possessed in equal or even greater degree by many other 
places Lakes it is true figure prominently along certain trans 
continental railways but that is mainly because they he along 
the chosen route and cannot well be avoided Occasionally tl c 
route may be selected because of the presence of lakes as the 
Cape to Cairo route where the lakes mark the direction of a 
great nft or valley but more often they have no fundamental 
place m the scheme Rather do they interrupt lines of com 
munication and necessitate a diversion as the Trans Siberian 
Railway is earned round the southern shores of Lake Baikal 
which stretches across its alignment Or freight is transhipped 
and ferned across an mconvcnicnt lake from one railway ter 
minus to another wluch means increased labour costs and loss 
of time The huge Caspian Sea ts a good example On the 
other hand railways have deliberately tapped the great lake 
regions of the world even in the heart of a continent notably 
the great lakes of North Amenca such regions offenng fresh 
sources of wealth and power in an industrial ivorld 

Taking a broad vieiv however lakes do not rank very high 
amongst Earth features and it will not be necessary to say much 
about them The most important part m a geographical sense 
play cd by them is the same us that played by the ocean namely 
as chmauc moderators Water always tends to soften the harsli 
ness of a continental climate to keep the air cooler ui summer 
and warmer in winter Lakes m fact bnng the influence of the 
sea on a small scale even into the heart of a conUnent though 
It IS doubtful whether the numerous lakes of W estem Tibet have 
any appreaabic effect on that austere cUmate 
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Lakes may be fresh or salt, the latter confined to t!ic desert 
regions of the world. They produce little wealth, fish and salt 
being the chief products; their most valuable raw material is 
often the fresh water itself. Yet most reservoirs for supplying 
water to towns are artificial, because lakes do not often occur 
near great cities. Cities arc built on the plains, whereas lakes 
occur more frequently away from the plains. No^vadays how- 
ever more and more new cities are being built on lake sides, 
especially in the United States, and in Russia on tlic shores of 
the Caspian Sea, much the largest lake in the world; but usually 
for some special reason, such as the presence of oil. In the 
course of the next century we may see more cities founded on 
lake shores, in Central Africa, in Canada, even in Tibet. Coun« 
tncs IV ell prq\ ided with fresh water lakes may lead the world in 
aviation — or offer opportunities to some outside Power. 

It must be remembered however that an industrial city needs 
not only water, but water power, and unless the lake can supply 
that it may be cheaper to build the city elsewhere and construct 
reservoirs and dams. Niagara b ratlicr e.\ceptional, and 
Victoria r.ills on the Zambesi has nothing to do vvith the 
African lakes. 

Water and water-power arc not the only requirements of a 
modem industrial city, and the mere presence of a lake, how- 
ever plcjisant and indeed advantageous, cannot outweigh such 
considerations as access to coal, oil or iron, or to a navigable 
river and the open sea. There b however a special use for lakes 
in the future. I said abov e that in prehistoric times they had a 
peculiar significance which no longer belongs to them To- 
morrow they may have a significance they have never had 
before — as bases for flying boats. The African lakes and the 
great lakes of North Amcnca arc being used to-day. If flying 
boats could take off at 1 5, two feet, as in time they will, it would 
be possible to fly across Central Asia, hopping from lake to lake. 
At present perhaps no one lias any incentive to fly across 
Centra! Asia; but that is not likely to be true for long. 

If die hydrosphere were perfect, tJiat is if dierc were no land, 
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there uould of course he no likes, only the great ocean basins 
m the Eartii s crust ^Sc know bttlc about the ongin of these, 
though most geologists be!ic\c that tlicy hi\ c been there for a 
%cr> long time, if not ahva)s But ivhilc there mij be some 
doubt 18 to how the greit bistns containing the occins iverc 
formed in the crust, there » no m>-stery iboiit the smill like 
bisiiu in the 1 md, ilthougli thc> originated in more \M)‘S than 
one. \Ve find enter likes, occupying llic crater of in extinct 
% olcino, i-allcy lakes formed on the course of a ri\ cr by a land- 
slide blocking Uic lo^vcr end of an alpmc valley, ind likes occu- 
pying hollows scooped out by ice Most existing glaacr lakes 
are quite smill, but there is strong evidence to suggest tJiat the 
great /kmcnean lakes were due to icc action, aldiough the 
problem of their origin has never been complctclv solved In 
most mountain ranges, especnlly where glaciers still «ist, 
small rock basin lakes arc abundant Tlicv tend to disappear 
after the glaaers v>tiich ploughed or ground out Uieir bisins 
have retreated a ccrtim distance, not because they dry up but 
because they silt up 

Of alpine lakes, the Geneva Jake is the best known, those of 
the English Lake District and of the New Zealand Alps scarcely 
less so 

In the great mountain nnges of Tibet and of Western China, 
there ire hundreds of small rock basin lakelets which idd to 
the entrancing beauty of die scene, not least owing to their 
marvellous coloun, as jidc green, malachite green, or even 
emerald It is radier cunouv that there should be far more 
of these jewel like likes among the lofty limestone peaks of 
Qiincsc Tibet thin in the Himalaya themselves, at least in the 
better known parts such as Sikkim But the magnesian lime- 
stone of Nordi West Yunnan IS not rcadilysoluble, and the ram 
fall being lighter than it is in Sikkun and the rock more porous. 
It is possible that the Chinese glacier lakes have been less silted 
up Thcremay ilsohavcbcenamarkctl time-lag in the retrcit 
of die Chinese glaciers, as compared with tho>e of Sikkim, 
although the snow line >s actually Jnghcr in ^Vcs^cm China 
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there would of course he no lakes, only the great ocean basins 
in the Earth’s crust. ^Vc know little about Ac origin of these, 
though most geologists believe that tlicy have been Acre for a 
very long time, if not alwaj-s. But while Acre may be some 
doubt as to ho^v the great basins containing the oceans svere 
formed in the emst, there is no mystery’ about the small lake 
basins in the land, although they originated in more ways than 
one. \Ve find crater lakes, occupying the crater of an extinct 
volcano, valley lakes formed on the course of a river by a land- 
slide blocking Ac lower end of an alpine valley, and lakes occu- 
pying hollows scooped out by ice. Most existing glacier lakes 
are quite small, but tliere is strong evidence to suggest Aat the 
great American lakes were due to ice action, alAough the 
problem of their origin has ne\’cr been completely solved. In 
most mountain ranges, especially where glaciers still axist, 
small rock basin lakes are abundant. They tend to disappear 
after the glaciers which ploughed or ground out their basins 
have retreated a certain distance; not because they dry up but 
because they silt up. 

Of alpine lakes, the Geneva lake is the best known; those of 
tiie English Lake District and of the Nc\v Zealand Alps scarcely 
less so. 

In the great mountain ranges ofTibet and of Western China, 
Acre are hundreds of small rock-basin lakelets which add to 
the entrancing beauty of Ac scene, not least owing to their 
marvellous colours, as jade green, malachite green, or even 
emerald. It is rather curious Aat Acre should be far more 
of these jcwel-likc lakes among Ac lofty limestone peaks of 
Cliinese Tibet Aan in the Himalaya themselves, at least in the 
better known parts such as Sikkim. But the magnesian lime- 
stone of No^th-^Vest Yunnan is not readily soluble, and the rain- 
fall being lighter than it is in Sikkim and the rock more porous, 
it is possible Aat the Chinese glacier lakes have been less silted 
up. TJicre may also have been a marked time-lag in the retreat 
of Ac Chinese glaciers, as compared with those of Sikkim,' 
although Ae sno^v line is actually higlier in Western China. 
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there would of counc be no lakes, only the ^eat ocean basins 
m the Eartli s crust ^^e Ijiosv bttle about the ongin of these, 
though most geologists behe\c that tlicy ha\e been tlicrc for i 
\ery long time, if not ahvajs But while there may be some 
doubt as to how the great basins containing the oceans were 
formed m the crust, there is no my^ters about tlic small lake 
basins m the Hnd although tlicy originated in more ways than 
one We find crater lakes, occupying the crater of an cctinct 
\olcano, valley lakes formed on the course of a river by a land 
slide blocking the lower end of an alpine vnllcy, and lakes occu 
pyang hollows scooped out by ice Most existing glacier lakes 
arc quite small, but there is strong evidence to suggest that the 
great American lakes were due to icc action, altliough the 
problem of their origin has never been completely solved In 
most mountain ranges especially where glacien still exist, 
small rock bivm lakes arc abundant Tliey lend to disappear 
after tlie glacien whicli ploughed or ground out tlicir basins 
have retreated a certain distance, not because they dry up but 
because tlicy silt up 

Of alpine lakes, tlie Geneva lake is the best known, those of 
the English Lake District and of the New Zealand ;Ups scarcely 
less so 

In the great mouniam ranges ofTibct and of Western China, 
there are hundreds of small rockbasm lakelets which add to 
the entrancing beauty of the scene, not least owing to their 
marvellous colours, as jade green, malachite green, or even 
emerald It is mtlicr curious that there should be far more 
of these jewel like lakes among Uic lofty limestone peaks of 
Climcse 1 ibct llian m the Himalaya ihcimeUcv, at least in the 
beticr known parts such as Sikkim But the magnesian hme- 
stonc of North W cst^ unnan is not readily soluble, and the run 
fall being lighter than it u m Sikkim and the rock more porous, 
it M powiblc that the Chinese glaaer lakes have hern less silted 

up rberemay also have been nmarkcrl time lagin thcrcirc.it 

cl the Chinese glaciers, a$ compared wiUi thchc of Sikbn. 
although the snow line is avtinlly higher in Wfstem China 
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Whatever the reason, mountain lakes arc rare m tlic Eastern 
Himalaya from Nepal, through Sikkim and Bhutan to the Jiair- 
pm bend of the Tsangpo, while they arc scry numerous in the 
limestone ranges above Muh and other mountainous areas of 
NorthAVest 'V unnan and Soutli-Wcst Szechwan They arc also 
uncommon in the hide explored glaciated mountains which 
form the frontiers of North Eastern Assam, Northern Burma and 
Soutli Eastern Tibet, although siltcd*up lake basins now con- 
verted into excellent pastures do occur There is a ty^pical one 
just nortli oftlie Tse La, at the sources of the Irrawaddy, at an 
altitude of 12,000 feet 

The innumerable lakes of Canada, Scandmavaa, Finland, 
New Zealand and perhaps also of Tibet are due to glacier 
action 

However there arc other takcsjstcms m the world which owe 
their ongm to what geologists call diastrophism, Uiat is to say a 
defmUt movement of the Eattli’s crust, tuber folding of the 
strata which are bent so as to form a sort of basin, or faulting, 
whereby a long narrow block of crust sinks, forming a gorge- 
hke nft, with here and there a natural bulkhead to hold up tJie 
water The longnarrowIakesofEastAfncaucre formed in this 
way So also was the Dead Sea In the distant past, such earth 
movements have taken place on a continental scale, forming 
ciUier immense basins or cricks (nfts) thousands of miles Jong 
The Tibetan lakes, of which there ire several hundred, have 
been shnnking for a vcyy long time, they were formerly far more 
extensive But the Tibet plateau is 15 000-16,000 feet above 
sea level, while the Caspian Sea, whicli is also shrinking, is 
below the level of the Mediterranean 
The Tibetan lakes are by no means the only ones which show 
unmistakable signs of drying up Those of Central Asia, of 
South Australia, of the Great Salt Lake region m the far west 
of the USA and of Bolivia are also drying up, not to mention 
Lake Chad Ev cn so there is no good cvadence that the Earth 
as a whole is drying up On the contrary, almost everywhere 
the glaciers arc advancing — the recent retrocession in the 
^13 



ABOUT THIS EARTH 
there would of course be no lakes, only the great ocean basins 
in tlic Earth’s crust. W’e know little about the origin of these, 
though most geologists behea-c that tlicy have been there for a 
very long time, if not always. But wlijJc there may be some 
doubt as to ho\v the great basins containing the oceans Stfcrc 
formed in the crust, there is no mystery about the small lake 
basins in tlic l.aml, although they originated in more ways than 
one. We find crater lakes, occupying the crater of an extinct 
S'olcano, valley lakes formed on the course of a river by a land- 
slide blocking the lower end of an alpine valley, and lakes occu- 
pying hollows scooped out by ice. Most existing glacier lakes 
are quite small, but tlicrc is strong csadcnce to suggest that the 
great American lakes were due to ice action, although the 
problem of tlicir origin has never been completely solved. In 
most mountain ranges, especially where glaciers still exist, 
small rock basin lakes arc abundant. The)' tend to disappear 
after the glaciers which ploughed or ground out their basins 
have retreated a certain dbtance; not because they dry up but 
because they silt up. 

Of alpine lakes, the Geneva lake is the best known; those of 
the English Lake District and of the New Zealand Alps scarcely 
less so. 

In the great mountain ranges ofTibcl and of Western China, 
there are hundreds of small rock-basin lakelets which add to 
the entrancing beauty of the scene, not least owing to their 
marv’cllous colours, as jade green, malachite green, or e\’en 
emerald. ^ It is rather curious that there should be far more 
of ^esc jewel-like lakes among the lofty limestone peaks of 
Chinese Tibet than in the Himalaya themselves, at least in the 
better known parts such as Sdddm. But the magnesian litnc- 
. stone of North-West Yunnan is not readily soluble, and the rain- 
fall being lighter than it is in Sikkira and llie rock more porous, 
it is possible that the Chinese glacier lakes have been less silted 
up. There may also have been a marked time-lag in the retreat 
of the Chinese glaciers, as compared sviih those of Sikkim, 
although the snow line is actually higher in Western China. 
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UTiatcNcr the reason, mountain lakes arc rare in the Eastern 
Himalaya from Nepal, through Sikkim and Bhutan to the liair- 
pin bend of the Tsangpo, uhile lhc>' are \try numerous in the 
limestone ranges above MuU and other mountainous areas of 
Norih*Wcst Yunnan and Soutlj*West Szechwan. They are also 
uncommon in the litiIc*cspIored glaciated mountains which 
form the froniicTs of North-Eastern Assam, Northern Burma and 
Soutli-Eastem Tibet, although silted-up lake basins now con- 
verted into excellent pastures do occur. Tlierc is a typical one 
just north of the Tsc La, af the sources of tlic Irrawaddy, at an 
altitude of 12,000 feet. 

The mnumerable lakes of Canada, Scandinavia, Finland, 
New Zealand and perhaps also of Tibet arc due to glacier 
action. 

However there arc other lakcsystems in Uic v^orld which owe 
their origin to what geologists call diastrophism, that is to say a 
definite mtAement of tlit Eanh’s crust, clthei folding of the 
strata which are bent so as to form a sort of basin, or faulting, 
whereby a long narrow block of oust sinks, forming a gorge- 
like rift, with here and Uiere a natural bulklitad to hold up Die 
water. Thelongnanrow lakcsofEostAfrica wereformedm thb 
way. SoaUovvastheDeadSca. In the distant past, sucli earth 
movements have taken place on a continental scale, forming 
either immense basins or cracks (rifts) thousands of miles long. 

The Tibetan lakes, of which there are several hundred, have 
been shrinking for a v cjy long time; they wcrcformerlyfarmore 
extensive. But the Tibet plateau is 15,000-16,000 feet above 
sea-level, while the Caspian Sea, which is aLo shrinking, is 
below the lev’el of the Mediterranean. 

The Tibetan lakes are by no means the only ones v>hichshow 
unmistakable signs of drydng up. Those of Central Asia, of 
South Australia, of the Great Salt Lake region in the far vsest 
of the U.S.A. and of Bolivia are abo dry ing up, not to mention 
Lake Chad. Even so, tlicrc is no good evidence that the Earth 
a whole U drying up. On the contrary', almost ev'crywhwe 
the glaciers are advancing — the recent retrocession in the 
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Hjmala>-a and elsewhere is a mere temporary phase To the 
question - Is the Earth drying up’ - Gregory replied with a 
dcaded W « o ^ 

The total ar^ of the lakes of die world, fresh and salt, pro- 
bably exceeds three-quarters of a million square miles Turned 
into arable or pasture land it sounds a lot - nearly 500 million 
It la a comparatuel) small proportion of 
the tota land surface less than 01 percent Deserts and semi 
deserts take up sixteen times as much of the surface, which 
seems to suggest ciUicr a senous deficit of land based water or a 
distribution of it But the latter area ofunpro- 
\e an inc udes some of die lakes Land based water, 
however, include, nier, n, well „ laLe,, and the,e tale up a 
tatllj greater area Man d„« „„ 

dSn” 

the eeilnn” ^^r^ shou, play but a minor part in 

Mature or? ” P''""' ^0) are rather m the 

nTw ,h^’'f 'aet* A country without 

fthi?;d^w^,;,”'!' ""r “ ”«■ handicapped 

11 handicaoDcd a ^ ^ "athout natigable mers 

voir, ^ *^^^6 rcscnoii,, and reset 

™.r,, indied lake, can be and arc man made 

fom, am T 'S ““"hctic laluc of earth 

?h?eh nHr J T P'''>''“>«ly mountain lake, lake 

Ld mf “Ito Ihey are of abiding interest, 

H?rl-^S7 S' ^ “P^'lions m the future arc like!) to be 
nSn^nf h 7 ’ of lakes We know almost 

, 17 ^, /h""’ ' 0 ^“ floated between I =,000 

and y.OTO feet m the mountamt of Western China, or of the 
TOctan lalcs,l or of the Andine lakes Most alpine lake, are 
mall but some pf the Andme and Tibetan lakes, though man, 
diousand feet ata e sea level, are of considerable sir? Lake 
Tilicaca m die AVlrs, „ r„ fee, above sea level covers eooo 

‘ Cfopoph tti Journal 
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square miles and lias a maximum depth of 892 feet. Nam Tso 
or Tengri Nor, the great lake north-west ofLliasa, covers about 
400 square miJes ami is 15,200 feet above sea-level; svhilc the 
Dead Sea, which is 1292 feet below sca-lc\’cl, covers 3^0 square 
miles. 

Similarly the Caspian Sc.i, which has an area of about 1 70,000 
square miles, is 85 feet below sca4c\'cU It is t!\c largest remnant 
of the great hicsozoic Sea called Tethys which strcichcd north- 
eastwards from the Mcriitcrrancan and covered mucli of 
Turkistan and Tibet, including the Sea of Aral, Lakes Issikul 
and Balkash. 
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I S 1 A N D S 

To many of ns hronglil up in the tradition of Tuasure Island, 
Tie Cora' Island and other good stones islands at least tropi 
cal islands still reek of romance Howes cr let us take a more 
realistic view of them here Since the Pacific war even the Blue 
I agoon School have taken a more objective view of lotus eating 

To the modem geographer an island is somethin!; more than 
the school geography book s formal definition as a piece of land 
entirely surrounded water The geographer wants to know 
what part islands as opposed to conlincntalland masses have 
played and will play in the world Perhaps they do not ph) 
so important a part to-day as they have done m the distant 
past — but then many <f them were not always the same 
isl inds m the distant past perhaps not islands at all Possibly 
they play an even more important part Who loobngatGrcat 
Britain at Malta — ev en at Japan — dare say that islands has e 
ever played so dramatic a part in the world as they arc play mg 
to-day’ But it n from tlic point of view of their relationship 
with the mainlands Uiat the geographer looks at them most 
keenly , and die historical importance of the warlike islands 
to-day IS not duproportionate to the histoncal importance of the 
adjacent mainlands 

Tlic islands of the world arc usually found to be m groups or 
clusters— archipelagos — but sometimes arc completely iso 
latcd Since there is three times as much sea as land there is ( 
plenty of room for small islands, but in fact vast areas of ocean 
are unbroken by even the smallest uland A study of the world 
map will show that Uic great majority of islands — disregarding 
for a moment the Pacific coral islands — are situated close to the 
conuncntal lands and not infrequently are arranged m arcs 
along their coasts It has already been pointed out that die 
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oceanic bisins are of grcit depth and have perhaps been ivhere 
tliey are noiv since the beginning of the ivorld If the Eartli’s 
crust buckles only within smtll limits of a thousand feet or so, 
up or down, it is easy to understand tliat islands are more likely 
to be formed along the continental coasts than m the oceanic 
basins, especiall) as welcnow diat a shallow sea already spreads 
over much of the land (continental shelf) and can just as easily 
retreat, in places leaving islands of liighcr land But of course 
tlie problems involved are not so simple as that Land \sas up 
raised 29,000 feet to form Mount Everest — so why should not 
land be upraised from a sea bed 29 000 feet deep^ Hauait was 
perhaps uplifted 30,000 feet These arc problems for tlic 
geologist and geophysicist rather than for the geographer, who 
takes the world as it is — and was — and may be, but it is as 
well to appreciate the difRculty It 1$ enough for the geographer 
at present to recognize that there arc two kinds of islands — 
continental islands and oceanic islands To these may be added 
a tlurd class, coral islands, which owe their existence to the 
activities of the coral pol^’p Continental islands are surrounded 
by a comparatively shallow sea and have within geologtcallj 
recent times been part of tlie mainland Oceanic islands, on 
the other hand, rise from great depdis and have always, so far 
os IS known, been islands or at any rate for a verj long time 
Austraba is a very large oceanic island, or a small continent, 
whichever wc like to call it New Zealand, another oceanic 
island, IS certainly an island but hardly a continent while 
Hawaii has no pretensions to bang a continent at all There 
is no reason wh> a small piece of crust like New Zealand should 
not be fashioned into land os well as a large piece like Asia — 

, however it was done Perhaps it would have been more logical 
to call such deep sea islands continental, and find another name 
for coastal islands But the terms are now well understood 
An archipelago, at least when near the coast, as most 
archipelagos are, always implies crust movements, the islands 
represent the higher elevations of a land whicli has sunk be 
neatJi a shallow sea, or the tops of mountains emerging If 



ABOUT THIS EARTH 
llicre vi-erc to be an clesation of the sea floor between ^^a!ay'l 
and Isew Guinea of no more tlian 600 feet, mo'?t of the area 
would become continuous land and Sumatra, Ja\a, Borneo, 
Celebes and other islands would cease to be islands There 
are numbers of these sunlcen coast lands round the continents 
represented now only by chains or clusters of islands, tlie East 
and West Indies and the islands off the north coast of Canada, 
arc examples On a smaller scale arc the Bntish Isles formerly 
joined to France and Belgium, the Mcrgiu Archipelago off the 
Burma Siam coast and the Aegean islands between Greece 
and Asia Minor 

There does not, however, seem to be any known region 
which IS the reverse of the above that is to sa), reccntlj 
elevated land consisting of highland areas which hav c long been 
above sea level jomed together by lowland which has only 
recently been under the sea Such regions may exist but would 
obviously be difHcult to recognize Exceptions are delta areas, 
like the mouth of the Yangtze and coastal stnps like the west 
coast of Siam Both these areas are recently submci^cd coast, 
whose peaks stood out of tlie shallow sea as islands 

That all these archipelagos were once united with the 
nearest mainland is proved by several lines of argument, and 
particularly by the likeness of the plants and animals in the 
islands to those of the mainland, not resemblance mercl), but 
identity 

Ocianic islands have a fauna and flora of thar own, unre- 
lated to the fauna and flora of any mainland — or at least not 
closely related to it Endemic species — that is species peculiar 
to the island, and found nowhere else — arc usually numerous 
Now endemics onginate as a result of isolauon Endemic 
animals and plants sometimes occur on mountain peaks rising 
in the midst of plains or on the summits of mountains wlucli 
rise far above the general altitude of the surrounding moun 
tains Of course, the fauna and flora of a high mountain wall 
naturally be different from that of the surrounding lowlands 
owing to climatic diflerenccs But lhe> ought not to differ from 
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that of ncighbounng mountains, if they do, tlierc must be some 
reasoa, and tlie reason is often the same as that invoked to 
account for endemism on oceanic islands, namely isolation 
The lonely mountain lop in the heart of a continent is a flonstic 
and faumstic ‘island 

It is generally possible to account for the isolation of an 
inland mountain, if not for an oceanic island But exactly why 
isolation should result in the birtli of new species, animal or 
\egctable, is not so clear How Nature or Natural Selection or 
any other continuous and cumulative process actually works 
is by no means obvious, but work it docs IVc observe tlic 
results, the method by which llicy arc reached still eludes us 

We may note tliat nearness to the mainland is not neccssanly 
proof of an island’s continental ongm Whether it is to be 
regarded as continental or oceanic in origin depends on the 
depth of sea separating it from the nearest mainland and of 
course on companions with the mainland Depth of sea be 
tween islands ivill also indicate how recently the two islands 
were joined together — if they ever were If the island has 
always been an island, and particularly if it is as far from the 
nearest mainland as Neiv Zealand is from Australia (1200 
nulcs), or Mauritius from East Africa ( 1500 miles, over 500 miles 
from Madagascar), or Galapagos from Ecuador (600 miles), 
or Haivau from anywhere, it will not fail to show a high 
degree of endemism Numerous endemic species and genera of 
both animals and plants occur in the islands named The 
entire fauna &nd flora depart widely from those of the nearest 
mainland This is due entirely to long and continuous isola 
tion, and has notlnng to do with llic surrounding ocean except 
in so far as the great depth of the ocean is proof of the island s 
long continued existence Tliat the sea as sea really has nothing 
to do with at is proved by the existence of ‘biological islands’ in 
continental lands referr^ to above Thus, as pointed out by 
Cotton the several isolated high mountains of equatonal 
Africa ha\c each their mvn species of tree lobelia, differing 
from those on ncighbourmg mountains Explorers might well 
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pay closer attention to tlic mtunl lustory of mountain peaks, 
where close investigation would always yidd interesting results 
In the history of evolution oceanic islands arc sanctuary for 
tlic hunted — for those of the hunted tliat can reach tlicm But 
how few can' No mammal except a bat, ever succeeded ui 
reaching New Zealand by itself, unul man came But for man, 
tliough islands began as sanctuary, they too often ended as 
cemeteries This was of course because later and more powerful 
tribes no less than earlier ones, could also reach them, and 
reach tliem in force Once man had conquered the sea, islands 
ceased to be sanctuary for man There was no permanent 
security even in the midst of the greatest ocean, tlicrc is even 
less to^ay, now that man has conquered the air Thus tlic 
Tasmanians were wiped out and many of the South Sea tribes 
are hkcly to be Other races more fortunate, arc absorbed into 
the conquering tribe How many island peoples have been 
exterminated m the past it is of course impossible to say No 
doubt many 

Nor have animals fared much better since the arrival of man 
So secure were islands like Nav Zealand and MaunDus for 
millions of years that birds ceased to fly, and bved on the 
ground They, or some of them, such as the dodo m Mauritius, 
quickly became extinct when man appeared bringing with lum 
mammals, from which flightless birds were unable to escape, 
and guns 

Thus tlie geographer recognizes two distinct types of island, 
those which in geologically recent times formed part of the 
mainland, separued from it by shallow narrow seas, less than 
a liundrcd fathoms deep, containing animals and plants 
similar to those of tlie mainland — and people too, and oceanic 
islands separated from the nearest lands by broad seas a thou 
sand fathoms oi^morc deep, which have not formed part of the 
mainland wathin recent geological time — not, that is to say, for 
millions of years'll. Possibly they have never been part of tlic 
mainland PossibW they were heaved up from the floor of the 
ocean independently and represent some of the oldest visible 
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bits of the Earth’s crust. But the distinction seems to be one of 
degree. Those who arc interested in the subject, particularly 
in the distribution of animals and plants, and the evolution of 
life, should read that naturalist’s classic. Island Life, by Alfred 
Russell ^Vallace. 

.Finally there are tlic Pacific islands, the atolls and coral 
islands vvliich have been so much in the news of late. TJiesc 
fall into a class by themselves. I do not propose to say much 
about them beyond remarking that they are made up of the 
external skeletons of marine creatures which have been building 
them up slowly for millions of years on top of submarine 
volcanoes and other mountains in shallow %vatcr where the 
ocean floor appears to have been steadily sinking. Coral 
' islands, however, are a study in themselves and the reader is 
referred to Darwin’s Voyage of the Beagle and to the classic ^vork 
of Stanley Gardiner for details. 

Ofeoune, islands which have once been part of the mainland 
may, in time — geological time — again be united with it. 
Sicily might be reunited to Italy, Sardinia to Corsica and both 
'to Italy, Tasmania to Victoria, and so forth. That seems no 
more improbable than that islands %vhic}>, like peninsular India, 
have been united to the mainland should be divorced from it 
again. Tt would need a subsidence of less than 250 feet to 
convert Bengal and the whole of the Ganges valley into a 
> shallow sea, making peninsular India all but an island once 
more. (It svas an island do\vn to mid-Tertiary times, some 30 
or 40 million years ago.) 

^ From what was said about desert coasts it tvill not readily be 
assumed that islands in virtue of their pro.ximity to tlic sea 
must enjoy a wet climate. Some do, not because thej’ arc 
pieces of land entirely surrounded by water, but because they 
lie in the track of rain-bearing mods. The island of Perim in 
. the Red Sea is a desert, and Socotra, 200 miles from the coast 
of Africa, is little better. But Trinidad in the same latitude and 
about the same size, off the coast of Venezuela, is an extremely 
fertile island Avith a lavish ve^tation. If an island, and parti- 
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cul.irly a mountainous island, does lie in the track of moist 
winds — and these, as sve know, dqscnd upon currents set up 
in the two fluid shells by the unequal heating and cooling of 
land and water — it is likely to have a vcr>' damp climate, with 
not only plenty of rain but also plenty' of mist or cloud. The 
island itself will not, unless very big, seriously influence the 
main air currents except to force them to part with some of 
tlicir moisture. Titus Falkl-and’s Islands in the Soulli Atlantic 
and Newfoundland in the North Atlantic are cold and damp 
with abundant rain at all seasons; and so arc the adjacent 
coasts. Coastal islands, in fact, generally share tlic climate of 
the adjacent Taainlatvd, Tcvodifvcd on its 'Mindward side. New 
Zealand’s Soutli Island and the southern islands ofjapan enjoy 
so damp a climate that parts of them arc — or sverc — covered 
with forest almost tropical in its luxuriance, the one 45 degrees 
south, the other 35 degrees north of the equator. Continental 
islands like Australia and Greenland, of course, bcliave like 
continents; the one is largely hot, the other largely’ cold desert: 
but the fact of their being islands has nothing to do with this. 
Stillt even quite small tropical islands such as Ceylon, or Java, 
or Timor, as well as large islands like Madagascar, have wet 
and dry zones; one end of the island or one coast may be much 
wetter than the other and may get its rain at a different season, 
as in Ceylon. The west coast of Great Britain is milder tlian 
the cast coast, and the north-west coast far wetter than the 
south-east. 


Generally speaking, however, ‘desert islands’ do not exist — 
though tlicy may be deserted — or uninhabited. The Red Sea 
and Persian Gulf blands are desert because they haipc* Vo lie 
within the great desert belt of Asia and North AW ai- 'joX 
As stepping-stones from one continent to ani'n sej'f ^^iSids 
have a special interest. The Aleutian Islandsmed pic trawc 
example, and appear to have afforded a route hat is d Sea in 
stepped from Asia to America — though he proVeti p- 3 > 
by boat from island to island. Tlie Dutch East InLc flhe satied 
a route from Malaya to Australia, also probabWdelamoat; 
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though It JS possible tli'it at the remote penods when these 
migrations took place these bndges were more complete than 
they arc to day Of these migrations we know notlnng except 
that they must have taken place All the Amenndian tribes as 
well as the Esquimo arc of Mongolian ongin The Australian 
tribes, m spite of living in tlic Stone Age, 4000 years after tlie 
Stone Age has passed in Europe, arc of Caucasian stock, the 
same stock that gave origin to tlic Western European peoples 
hionc of them appear to have dropped any relies of their trek 
along the route But such relies may some day be turned up 
lu the islands The most desirable would be skulls of those who 
fell by tlic svay In their endeavour to escape from their pur- 
suers, or simply as they were moved on, or in a spirit of adven- 
ture, tnbes settled m the remotest tropical islands, far indeed 
from the madding crowd And there their culture froze, so 
that the peoples of the mainland soon surpassed tlicm in the 
arts and, adventuring in their turn, exterminated the earliest 
islanders, or drove them still further afield SomeQmcs the 
relics of a former civilization have been left behind, like the 
stone images on Easter Island But these arc modem compared 
with the fint migrations 

With the coming of flight, it was thought by many people 
that Great Bntam would cease to be an island But that fear 
proved to be illusory in 1941 The new attack was met by a 
new defence, and the narrow sea was still uncrossed And so 
despite the ever increasing range and staying power of aircraft, 
islands clse^vherc continue to be islands — pieces of land 
entirely surrounded by svater — and, it might be added, 
.entirely enveloped by air 

It is possible that with the improvement m stratosphere 
flying, many small islands, now useful as perches for aircraft on 
trans ocean flights, may lose their importance and even sink 
back into obscurity But it seems likely that the control of the 
Pacific will, for a long tune to come depend as much upon 
certain key islands as upon the mainland Strategically oceanic 
islands have become more important than continental islands 
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A >\ord may be said about isbuid arcs such as those of 
the West Indies, East Indies, Aleutians and Kuriles. Tliesc 
arc really mountain arcs, the summits of sunk blands, and 
arc arranged in semi-circular alignment not because they arc 
islands, but because they arc mountains. They may ha\'c been 
pushed up by ovcr-tJirusting of the land or by under-thrusting 
of die ocean floor. That, at any rate, is the Uicory (Philip 
Lake). But here ’ve come back to the vexed question of 
mountain-building sviili wliicli %vc arc not concerned. 
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THE GEOGRAPHER AND ATOMIC 
ENERGY 

'At Liot manVind hai a m'lhod of landscaping ihc Carth and making pro- 
found geological changes Deserts and and regions of the world may blossom ’ 
Professor M. L OurtlANT (as reported) 


In so far as atomic energy may greatly affect the movements, 
numbers and distribution of mankind, it is already of indirect 
interest to the geographer. Now at one jump it comes into his 
direct field of view. The strategic, ethical and economic 
inapUcations of atomic energy we can as yet but dimly per- 
ceive; nor are these things hb immediate concern. But Pro- 
fessor Oliphant prombes us structural alterations, matenal, 
geographical results, on an unprecedented scale, and the 
geographer is bound to ponder hb words deeply. He b also 
entitled to comment on them, though caudously. 

We know that inconceivably great geological changes have 
taken place in the past, but in general 50 slowly that it required 
millions of years to complete each cycle. Most of these great 
Ranges were completed long before man appeared on the 
Eartli, although far from insignificant changes have ako taken 
place during the last quarter of a million years, since his 
arrival. And they are still continuing. But even these have 
taken so long, as compared with the life of a iiuman generation, 
effects that mankind has liad no great 
diihculty in adjusting himself to the slowly-changing land- 
scape. 


^ And now? WitliUie threat of geological changes taking place 

in a flash, so to speak? 

Let us therefore examine Professor Oliphant’s statement in 
detail. But fint it may be helpful to suggest briefly some of the 
possible broad effects of this new power, in an attempt to set it . 
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in Its true perspective, for the reports of the first atom bomb 
which fell on Japan have sobered if they have not shocked all 
tlimking people the world over Atomic energy, if it can be 
liamesscd and controlled like electricity, must have, b> reason 
of Its application to industry, profound political and social 
consequences, it will revolutionize our way of life 
These far reaching results cannot, of course, be separated in 
air tight compartments They will interact, nor is it possible 
to gauge the net result to the human race Sir Law rcncc Bragg 
has compared the discovery of atomic energy with the discovery 
of fire \\ c need not follow tlie implications of tliat observation 
here, but it might be remarked that the discovery of fire was 
the most important, if not the only major discovery wluch 
separated non man from man, the next comparable step logic- 
ally would be from man to superman 
Sosv the geographer as such is not concerned with social and 
political changes, though he cannot afford to neglect them, 
altogether He holds a watching brief on all tJiat concerns 
mankind But with economic changes which will directly 
influence millions of human beings he is deeply concerned 
If, for example, atomic ene^ becomes widely available, so 
that, as Professor Oiiphant is reported to have said, a car could 
be driven 13,000,000 miles by one pound of uraniurn, great 
numbers of industrial workers will have a great deal more 
leisure than they have now What arc they going to do v^ itli it’ 
Comparatively few people know how to spend extra leisure 
hours to their own lasting benefit or anyone clscs The 
majonty are dependent on the toil of otliers for tlicir amuse- 
ment, and on public holidays m the West heavy demands arc 
made on transport workers, the catering trade, professional 
entertainers, the police, and other sections of tlic population 
Here indeed is something the East can teach the West, if the 
^Vest will learn Pubbe holidays in India. Burma and CUnna 
are enjoyed more simply, by everybody attending fairs and 
markets, visiting friends, picnicking, and seeing the temples, 
with a mmimum call on the services of otliers In the cst tins 
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inability to enjoy oureeKes by ourselves is becoming a disease 
It js not confined to any one stratum of the population The 
idle nch’ may not be an entirely meaningless phrase, but the 
chief difference between the idle nch and the idle poor is that 
the former require and can pay for die services of more people 
for longer penods to keep them amused 
\Vc all like to feel fresh for our work, but too long a holiday 
ts apt to pall If w e have regular work, by the time our leisure 
hours come round we arc tired mentally and bodily and are 
only too willing to rest On holiday, however, we feel more 
energeuc 

And suddenly atomic cnci^ bunts upon us Our position 
*15 regards work and leisure may be reversed Instead of eight 
hours’ work a day and three hours’ leisure wc arc threatened 
wth two or three hours’ work and eight hours* leisure WTiat 
*irc we going to do with it’ 

No doubt It will be some yeare yfet before industry, even in 
the most highly industrialized countries is run mainly by 
atomic energy and perhaps by that time shall be better 
organized socially and better able to cope with our increasing 
leisure But that is by no means certain 
Now that atomic bombs arc defimtely potential weapons of 
war the strategic consequences will be no less revolutionary 
For the first bomb which stnkcs home may decide the v\ar 
Some people have argued that the atomic bomb will never be 
used even if, unhappily, another v\ar docs break out The 
consequences they say would be too awful They point to 
poison gas m the Great War and remind us that though every 
warrmg nation had large quantities of poison gas ready for the 
last war, not one of them used it Tlie same thing they mam 
tain Will happen ivath atomic bombs Alas’ it was not humani 
^an reasons vvhicli kept the nations from using poison gas 
consequences ould indeed have been too awful — for the 
first users For no nation was ever m a position to use it without 
risk of heavy repnsal Nobody dar«l be the first because unless 
tlicy w ere also the last they miglit recen c better than tJiey gave 
*57 



ABOUT Tins r.ARTIl 
Tliat was the sole reason why gas was not used In the late war. 
Had any nation seen a chance of winning the war outright by 
using poison gas, it would ha\c used it with no more scruple 
than the United Nations used atomic bombs It is the same 
principle as die old balance of power which kept the peace of 
Fniropc for forty ^cars The United Nations used the atomic 
bomb because the) had it and nolnxly else had. It is highly 
unlikely that such a situation wiU soon ante again \Vr may 
be sure there will not be another ssorld war until all tlic great 
nations know the secret of the atomic bomb 
Atomic energy is so powerful m annihilation that concentra- 
tion on any big scale whether of men, madimcs, sveapons, 
supplies, ships, buildings, or an) dung else will be impossible. 
As alwj)-s, the best defence will be oflcncc against the source 
of the bombs, or, better still, to ensure that they arc ncs'cr made. 
Unless that is done a terrible savord hangs over thclicad of the 
unready nation — nothing less than the tlircat of extermination 
No tree, building, or hilt vsoiild be left standing in an arc.a 
where enemy troops were hehcvctl to lurL Tlie place would he 
swept shadowicss Camouflage would be useless, and in fact 
impossible, Abo in any future war mere manpower, however 
great, would not be a factor of major importance. War ma) 
become an aflair of highly-trained guerillas, widely scattered 
over huge spaces Hence the mountains arc likely to become 
once more a refuge, and a movement towards them 5s already' 
setting in. We may note that Japan, Java and Burma arc all 
mountainous countries. 

A disservice w as done to mankind by the announcement that 
the secret of the atomic bomb would be kqit. Tliat brctl fear, 
not confidence. Some of the very same people wlio urgesl tliat 
the secret of the bomb itself ought to be kept, at the same time 
urged dial atomic energy should be available to all for indus- 
trial use. Yet it should be ob\-ious that what can be used in 
peace can be turned to war. Once use atomic energy in 
industry and the secret is out. 

Apart from tliat atomic energy can no longer be kept secret, 
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and the more one nation tries to Xeep it dark the more intcn 
sively ivill other nations pursue their rescarclies and the sooner 
will every nation which his the resources solve it That means 
India, China and Japan, as well as rrance> Russia and 
Germany Tor the atomic bomb is the climax to half a cen 
tury’s work m atomic physics, to which many nations and 
hundreds of research workers contributed The principle of 
atomic energy is common knowledge .amongst phjsicists in 
every western land It is international, and the solution of 
technical diflicultics is merely a question of time 
As geographers, liowcver, we are not concerned %vith matters 
of policy any more than with industry, economics or war — 
though it might be an advantage if the Army Command were 
more gcographicall) minded I lia\c mentioned these matters 
so that the reader may clearly perceive some of the issues 
involved What concerns us imm^iaidy as gcojjraphcrs is the 
AiTccl inftucnce ol atomic energy on the matci^\ tvtn’id, iVit 
greatest and perhaps the last step in the long slo"^ march from 
human muscle power, animal muscle power and machine 
power, to atom splitting as a source of indmtnal energy Now 
there seem to be two way's m which the atom bomb or mine 
might ‘landscape’ the Earth — that is, alter itS topography 
(i) by reshaping the physical landscape directly, (2) by altering 
the climate Either or both of these methods are implicit in 
Professor Oliphant’s statement quoted at the head of this 
chapter 

(t) The landscape could be changed in a number of ways, as, 
for example, by digging huge craters winch might become 
lakes, by levelling hills, damming or diverting riiers blowing 
up glaciers draining lakes, digging canak, in fact, by doing 
^ easily and quickly many things which are done slowly and 
painfully by man to day, or which arc done "tt a blow by 
nature at longer or shorter intervals None of these, however, 
are more than minor topographical alterations Nor can it be 
maintained that the effects which have been produced during 
the last five hundred years, say, by nature m violent mood arc 
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more than scratches on the face of the Earth The> ha\ e no 
more than a local significance etcept on the largest scale map 
c\en die greatest disaster is imperceptible Floods, t>phoons, 
eardiquakcs, tidal waves \oIcantc eruptions, the impact of 
meteors, and other forces all have to some extent landscaped 
the Earth ^ et in a bird s eye view the Earth seems \ eiy much 
like what It was fi\e centuries ago and this m spite of ceaseless 
wear and tear and reconstruction The results of violence, 
though often spectacular for a short time, cspecialK when 
accompanied by loss of human life, are hardly of fundamental 
importance It can be faintly imagined dicreforc how much 
atomic energy must be released to produce big changes of 
^enery Far more important than any violence so far witnessed 
by man &k the slow geological changes which result from long 
continued action But here time must be measured in tens of 
thmisands of^ears rather than m centuries 
However, It is only when the loss of life is grievous that die 
majonty of people become momentarily aware of nature s 
aggression Many of her swift blows are not recorded at all, 
ey are ncidier seen nor fell Of those which become gener 
ally known only a small number are headline news Thus the 
Rrakawa explosion and the almost equally violent eruptions of 
Mont Pe (fe and of Vesuvius die Messina and the Japanese 
earthquakes were quickly known and attracted attention all 
over the world Not so the Knnsu earthquake of 1920 in which 
thousands were killed, nor the Sibcnan meteontc impact a few 
years later when apparently no one was killed Had die 
biberian meteonte hit London or Moscow it must have had 
much the same cfTcct as the atomic bomb on Hiroshima Still 
A u ° hear of the Arizona meteonte, or of the great 

Arabian meteonte, both of which struck the Earth probably 
some centuries ago and crashed into the desert 
Many big metcontes no doubt fall into the sea and many 
submanne volcanic cxpicuions pass almost unnoticed because 
there is no loss ofhuman life However, there can be no doubt 
that catastroplics do occur, and will occur again, tliough from 
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the gcognphical stmdpomt they may be of less importance 
than others ^vh^ch cause htUe or no loss of life 

It uould seem tlicn that we must not expect any swift re 
shaping of tlie Eartli as a result of atomic energy We are not 
hLel> to see troublesome islands made to disappear, continents 
cut m half, mountain ranges smoothed out, or new seas brought 
into existence just >ct Such things arc no doubt theoretically 
possible But long expcnence teaches us tliat for tunous reasons 
cultures spread slowly, nor is the use of atomic energy in 
everyday life likely to be any exception It is the products of the 
machine, not the machine itself, which nowadays spread far 
and wide Perhaps the maclnne to-day spreads faster than, 
say, bronze did 4000 years ago when in the hliddle East a 
Neolithic flint culture overlapped it by a thousand years One 
has only to look round the world to-day to see that industry, 
as represented by tlie power engine, is concentrated in only a 
small proportion of tlve land surface The great majority of 
culmators all over the world still use handmade ploughs 
These matters arc largely governed by factors at present out 
side man’s control — the distnbution of raw materials, for 
example, and climate 

Nevertheless, at a few selected points atomic energy may 
become available Atomic mines might be used for blowmg 
up awkward rce& which have long been a danger to shipping, 
nddmg rivers like the Mekong of dangerous rapids, and so on 
Indeed, jn certain parts of die world the atom mine might 
bnng about useful results which otherwise might take ) ears, or 
which might not be worth doing at all In a few places condi- 
bons are such that landscaping on a big scale would be possible, 
though whether for good or evil it is impossible to say In 
South Ejut Asia the gorges of the big nvers could be swiftly 
blocked, forming enormous lakes behind the dam In front, the 
met would dram away, dwmdle to little or nothing This 
would make changes on a temtonal scale, especially if the dam 
suddenly gave way, releasing bilhons of tons of water There 
would, indccdj be landscaping of the Earth, chiefly destructive! 
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Raising the water level behind the dam even a few hundred 
feet would enable a considerable area of land to be ternerd 
and irrigated By damming the Salween at selected points, that 
now unused river might be turned to good account 
Unless Nve liavc greatly underrated controlled atomic power 
— uncontrolled it would run amok — we cannot expect for a 
long time yet to landscape the tarth 
Tlicrc remains the jiossibility of influencing the climate or 
altering the weather notably by bringing ram to some of tlic 
drought sinckcn arexs of the Lirtli as indicated by Professor 
Ohpiiant 

Before we discuss this p< ssibiluy we need to ha'c a general 
understanding of the factors which control climate and what 
the clfect of an explosion really « It u also an adaantage to 
be quite sure wh It we want to do If s>c merely reply* tobnng 
ram the doubter w ill at once ask. Hois much ram’ tor how 
long’ \N'hcrc will it fall’ Nor can we gi\ r a struightforward 
answer First ilicn how is nm produced and where u it 
controlled’ 

All the ram that falls on the Earth came from the Eartli by 
evaporation from lakes nvers and particularly the oceans 
This invisible vapour ascends waih iJic air currents and is 
earned aivay by more or less constant air streams Over the 
land It tends to nsc higher than over the sea m the same 
latitude, nowhere docs it nsc higher than about seven rmlcs 
above sea level that is to the limit of the trophospherc 
IVlicn cooled below a certain temperature difTcnngwitli the 
degree of saturation the vapour condenses as visible cloud- 
Cloud consists of drops of water so finely divadcd that they 
remain suspended in the air But under condibons which 
frequently occur notably a lowering of temptrature or an 
increase in the amount of water vapour present m a given 
volume of air the finely divided drops of water begin to join 
together into larger drops until at last they grow so big that 
the atmosphere can no longer support them Then tbey fall as 
ram 
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Given tJic sun’s heat — tlic source of all enei^ — uorld 
climatic belts are clue pnmani) to lour causes (i) tlic fact that 
the Earth revoKcs round the sun, rotatmg at the same time 
round an axis tilted so as to make an angle of 23^ degrees with 
the vertical to tlie plane m whicli it re% olv cs This causes tlie 
primary temperature belts between equator and Poles (2) The 
distribution of land and sea with the resulting unequal heating 
of tlie atmosphere, which causes currents to flow, and of course 
unequal evaporation (3) The rotation of the Earth on its axis 
which gives a constant direction or change of direction to these 
currents, and (4) The unevenness of the land surface which 
causes rapid vertical changes of temperature and also inter- 
poses bamcn against the air currents which arc diverted or 
forced to nsc 

A fifth factor, though perhaps a minor one, is tlie presence of 
ice at the Poles — fued cold as it might be called The South 
Pole being a high land area would ha\e fixed cold anyhow 
Tlie Nortli Pole is covered by water and if this ivere fluid 
instead of sobd, a degree or two above frceaing point, for 
example, it would make an enormous diflcrcnce to tlie climate 
of tlic northern hemisphere* However, one might say the 
same thing about any of the conditions Wc must take the 
Eartli as we find it, not as it might be 

It u an open question whether, the above factors remaining 
more or less as they are, any substantial alteration in the total 
rainfall of the Earth is possible Its distnbution might be 
altered but not perhaps its amount Of the above four motive 
powers, I and 2 arc chiefly concerned with the amount of 
evaporation and hence with the actual rainfall, 3 and 4 with 
the circulation, direction and strength of air currents and 
hence with the distnbution of rainfall 
It will be observed that all four are more or less constant, 
not m geological or astronomical time, for tliej do change, 
though with mfimte gradualness, but m histoncal time As a 
result the mam air currents arc hkewise more or less constant, 

1 Brooks CJtmaie Tl rough the Aget 
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from which we might infer thit the world climates are more or 
less fixed Observation confirms this, although considenng the 
fluid nature of the atmosphere it is a matter for surprise 
We know that climatic revolutions have taken place m 
geological time over and over again, but we also know that 
climates have been comparatively stable in a given area 
through \ast ages Is atomic energy about to upset this order, 
and bnog about quick change'* Let us see what nature has to 
say 

The only natural disaster, short of a planetary collision or the 
impact of a big meteorite on the Earth, comparable with the 
atomic bomb is a volcanic eruption hfany big eruptions have 
been witnessed by man and their effects recorded Within the 
last sevent) )cars Krakatoa m Sunda Strait, Vesuvius, Mont 
Pclee and other \olcanoes have burst like huge boilers Accounts 
of early eruptions have come doivn to us We know a good deal 
about the last days of Pompen in a d 79 When a volcano is m 
violent eruption enormous volumes of steam and ‘smoke’ are 
shot se\ eral m Ics into the air The belief is wndespread all over 
the Earth that a loud noise produces rain It is true that rain- 
storms usually follow a volcanic eruption But this is only 
natural when we recollect that pent up steam m the Earth’s 
crust is at least partly responsible for the eruption Issuing at 
high pressure, it reaches a great altitude where in a colder 
stratum, of -ur it condenses m the usual way to form cloud and 
descend as ram 

Thus the volcano itself provides the ram it is alleged to 
conjure out of space Submanne explosions are not accom 
pamed by ram 

Some time after the island of Krakatoa bleu up it was 
reported that a senes of remarkably bnlhant sunsets were 
being observed all over the world These were said to be due 
to fine dust shot into the upper strata of the atmosphere and 
earned round the world by currents The evidence for this, 
however, is inconclusive It has been objected for example 
that in South Afnca the same brdliant sunsets were noticed 
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before the explosion, which, if true, would destroy the whole 
argument Moreover, it is at least doubtful whether air 
currents would carry the dust all over the world Air currents, 
hke sea currents, keep to certain tracks It is curious that the 
sunset effect has not been recorded after any other eruption 
Vivid hghtmng, caused perhaps by friction as steam and dust 
are forced up through the vent, accompanies the rain, which is 
a feature of most eruptions on land But as we havejust said. 
It IS not tlic explosion which causes the rain 

It may be observed that on land volcanic eruptions always 
take place tvithin the trophospherc and usually wthin three or 
four miles of sea level In the Andes there arc a few volcanoes 
over 20,000 feet high, but these are exceptional Wiat results 
might follow the explosion of atomic bombs in the stratosphere, 
say 10 or t3 miles up, is unknown, but there is no reason to 
suppose It would affect the weather Anyhow, to avoid damage 
bombs avould have to be exploded at a great height 

Those who still cbng to the behef that explosions bnng ram 
refer to the gunfire in Flanders in 1917-1O, and also to deliberate 
experiments in several countnes The heavy gunfire m France 
and Flanders in the Great War was accompanied by, followed 
by, and also preceded by, rain as it ivas by sunslunc The 
hca\ ens nci cr w cpt for tJic slam There was nothing abnormal 
in the weather but everybody remembered the mud The 
argument that gunfire caused the ram is no more valid than 
the argument thit gunfire caused the sunshine Post hoc, ergo 
propter hoc is an old pitfall 

As to the expenments, they all failed to produce ram by 
noise or explosion, and it can be stated catcgoncally that rain 
has never yet been produced b) this means, and so far as one 
can foresee it never will Though atomic bombs witli tlic 
explosive energy of 2,000,000 tons of TNT arc already 
promised, a severe volcanic eruption, v>hcUicr or not it releases 
the energy of an atomic bomb, is quite vaolcnl enough to make 
ram if ram could be made thus We know that it cannot, nor 
will tliC atomic bomb succeed where the volcano fails 
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Tlic cxp\c»jnn of nloirnc nunw bencatli the sci migtit con- 
cmabi) fumtsli the \vatcr \ipour ncccs^ar) to prcxluce ram, 
although if It fell biclw into the sea it would be watted Rut the 
prospect of getting it high enough into the air to cool it rapidly 
and at tlic same time sunicieiitl> concentrated to ensure its 
condcnjKig « not bright For this purpose a volcano is 
peculiarly well suited It fires a jet of steam straight up into 
llic air as though it were slmt out of a gun Ilic \cnt, in fact, 

IS like the nozrle of a hose with a fire-engine pump behind U 
The fact that no submarine cvploston has been knoixai to 
produce ‘weather* suggests that tlic method « not feasible 
Lven if It were we should need to know much more about the 
direction, strength and permanence of the upper air Lurrents 
before we could pretlict v, itli certainty w here the ram w ould fall 

Those who have read Kipling s dnmatic stor^ of a sub 
marine upheaval will remember how a dense mist shrouded 
the sea owing to the welling up of ice-cold water from the abjas 
to the surface, thereby cooling die moot air in contact with it 
below the dew point Tlicrc was no vasiblc explosion and no 
ratn, only a dense white mist of vapour, made visible 

The effect of an ordinary explosion is to produce a large 
volume of gas at a high temperature Rcleaswl imtantancouslv 
m a confined spare, tlic expanding gas liberates energy In Uic 
atmosphere, explosion produces a pressure wave followed b> a 
partial vacuum which is violently filled up as quickly as it is 
formed owing to pressure of the siiiroundiiig air It is difficult 
to sec why this sequence should create ram, no sudden heating 
and expansion of the air can make it produce what isn t there 
As for attracting cloud from outside an explosion would he 
more hkcly to rUssipate it 

There IS an aspect of the atomic explosion wluch seems to s 
have escaped general comment Apparently rum is caused far 
more by die terrific heat evolved than by expanding 
though the air itself must expand under die mllucncc of head 
Violent agitation of the trophospherc will result in currents 
being sent up but with what result’ We cannot say, and 
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therein lies tlic danger Until we can predict the result, and 
unless the eflect is purely local, mtcmational complications 
might arise when countnes start letting ofT atomic mines close 
to the frontier, to the detnment of their neighbour s weather 
Apart from the fact that loud bangs produce no rain, we have 
to consider that the total rainfall of the Earth is probably in 
equilibrium witli the total heat received from the sun, the total 
evaporating surface, and the volume of the atmosphere If that 
IS so tlicn the onlj change that could be effected ivould be a 
change in distribution, and tlie gain in one place would be the 
loss in another Otherwise a change m the total rainfall could 
only be brought about very gradually b) altering one or other 
of the abov c factors 

The columns of swirling air whicli give birth to the Trade 
winds. Monsoons and other vast regular currents are of great 
bulk Even those which give origin to local weather are not 
small 

No doubt most people who think tlic> sec m tlic atomic bomb 
a bit witli which to ride the storm and direct the weather are 
thinking of the possibility of bringing ram to the enormous 
desert areas of tlie Earth Might it not be possible to resurrect 
the dead heart of Australia, for example’ to bring back green 
pastures to the Sahara’ to make Central Asia once more a 
Garden of Eden’ The only possible reply is ‘no’ — not with 
atomic bombs 

Let us look at a few figures Evaporation over the whole 
surface of tlic Earth has been estimated as equal to the evapora 
tion of a layer of water 3 feet deep over that surface in a year 
(G R Benstead) It is probably far greater than that in the 
sub tropical desert belt, only there is not 3 feet of water there, 
or even 3 inches to be evaporated On the other hand 
evaporation is almost nil at the Poles The estimate includes 
evaporation from lakes nvers, and from vegetation — all land 
based water, as well as from the sea 

In a typical Monsoon region (Upper Assam for example 
where I am wntmg) tlie annual rainfall is about inches, 
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most of ^vhich falls m five months TTiat is to saj , c\ cr) acre of 
land receives over 9000 tons of rain a jear Hence a tea garden 
covering 600 acres gets some 5 000 ooD tons of water poured 
on to It in SIX months Much of this serves merely to keep the 
air constantly humid but there is also a big run-ofi^ some of 
which IS wasted so far as the surrounding vegetation is con 
cemed Nevertheless, without a rainfall of that order neither 
nee nor tea could be grown in the hot Assam valley without 
imgation 

The Sahara covers about 3J million square miles Here too 
evaporation is cxcqitionallj high A 90 inch rainfall all over 
would mean 20 million tom of water a ^ eat Yet if that amount 
were supplied through imgation channels most of it would 
evaporate before it reached the fields It might require three 
or four times that amount before the vegetation got as much 
water as it gets in Assam 

It IS, of course in connection with agriculture that nun u 
most needed, and an increase rather than a redistnbution is 
needed Large areas do not get enough ram to grow crops 
As we saw m Chapter Vin» two-fifths of the land surface of 
the Earth is unfit for agnedture About 11 million square 
miles u too dry, the remainder is too wet or too cold or too salt. 
Over a mvUion square miles is too wet, raultmg la the forma 
uon of peat It might be more advantageous to lessen the ram 
fall here than to increase it elsewhere, although as vve have 
seen it might be impossible to do the one without at the same 
Ume doing the other But neilbcr will be done by atonuc 
bombs increasing or diminuhiog the rainfall The one thing 
that atomic energy might do towards a more equal distribution 
of rainfall would be the making of vast inland seas like the 
Caspian, either by damming nvers or by excavation No doubt | 
the unequal distribution \>f many minerals and especially wa^r 
IS responsible for some of die world s Bis But would it not be 
truer to say that man. has prospered and increased chiefly m 
those areas where nature’s gills, especially water, arc found m 
abundance’ 
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